PREVALENCE OF LUMPY SKIN DISEASE  IN CATTLE, IN RED SEA STATE, SUDAN by Ahmed, Nahla
 PREVALENCE OF LUMPY SKIN DISEASE  
IN CATTLE, IN RED SEA STATE, SUDAN  
 
 
By 
Nahla Ahmed Galal Eldin Elsaim  
B.V.Sc. (1998) University of Khartoum 
 
 
 
Supervision  
Prof. Abdelmalik Ibrahim Khalafalla  
 
 
A thesis submitted in accordance with the requirements of the 
University of Khartoum for the degree of Master of Veterinary 
Medicine by Research  
 
 
 
 
 
Department of Microbiology 
Faculty of Veterinary Medicine 
University of Khartoum 
 
September, 2007 
 I
 
DEDICATION  
 
To my dear father  
To my dear mother  
My brothers 
My husband 
My friends 
For their perpetual encouragement  
                                                       
  
 
 
 
 II
ACKNOWLEDGEMENTS 
I would like to thank all who helped by making this study possible. 
Special thank and sincere gratitude to my supervisor Prof. Abdelmalik Ibrahim 
Khalafalla for his unlimited help and appreciated support to made this work 
possible.  
I am indebted to the Central Veterinary Research Laboratory (CVRL) 
for the permission to use the laboratory facilities.  
No research work is the result of investigator effort alone, and grateful 
acknowledgement to those who have given their time, experience and 
expertise. I would like to mention: Dr. Mohamed A. Arabi, Prof. Mahasin 
Elnour, Dr. Adel Ali and the Staff of the Regional Veterinary Research 
Laboratory at Port Sudan.  
I am also indebted to Mr. Mohamed Almustafa for the photography. Mr. 
Albagir Abdelhalim, Miss. Nadia Ebnuf, Omaima and Mona Sedig Almur in 
Virology Department of the CVRL.  
I also thank the staff of the Virology Research Laboratory, Department 
of Microbiology; Dr. Manahil, Mr. Sharani Omer Musa, Mr. Abdelmoniem 
Ramadan, Miss. Mawahib Awad.  
My deep thanks are also extended to Dr. Anas Mohamed Osman, 
College of Veterinary Medicine and Animal Production, Sudan University of 
Science and Technology for his encouragement and assistance. 
Finally, I would like to appreciate the enthusiasm and patience shown by 
my husband Tag Elsir.   
 III
LIST OF CONTENTS 
    Page 
DEDICATION  I 
ACKNOWLEDGEMENT II 
LIST OF CONTENTS  III 
LIST OF TABLES IV 
LIST OF FIGURES V 
LIST OF ABBREVIATIONS  VI 
ABSTRACT VII 
ARABIC ABSTRACT VIII 
INTRODUCTION 1 
CHAPTER ONE: LITERATURE REVIEW 4 
1.1 Historical background 4 
1.2 Lumpy skin disease 6 
1.3 Lumpy skin disease virus 8 
 1.3.1 Classification of LSD virus 8 
 1.3.2  Morphology of LSD virus 8 
 1.3.3 Physicochemical properties of LSDV 9 
1.4 Epizootiology 9 
1.5 Immunity 10 
 1.5.1 Immunogenic relation with Capri pox viruses 11 
1.6 Diagnosis of LSD infection 12 
 1.6.1 Laboratory diagnosis 12 
  1.6.1.1 Pathology 12 
  1.6.1.2 Histopathology 12 
  1.6.1.3 Virus isolation and identification 13 
  1.6.1.4  Immunological methods 14 
  1.6.1.5 Serological methods 16 
  1.6.1.6 Molecular method 17 
   1.6.1.6.1 Polymerase chain reaction (PCR) 17 
1.7 Vaccination 18 
1.8 Control 19 
1.8 Economic importance of LSD 19 
CHAPTER TWO: MATERIALS AND METHODS 22 
2.1 Field work 22 
 2.1.1 Study area 22 
2.2 Disease outbreak 22 
2.3 Collection of skin samples 22 
2.4 Collection and processing of blood samples 23 
2.5 Laboratory work 23 
 2.5.1 Preparation and sterilization of glassware 23 
 2.5.2 Preparation and sterilization of plastic ware 23 
 2.5.3 Preparation and sterilization of filters and papers 24 
 2.5.4 Virus 24 
  2.5.4.1 Kenya sheep and goat pox vaccine strain 0240 24 
  2.5.4.2 Hyperimmune serum 24 
2.6 Serological tests 24 
 2.6.1 Agar gel immunodiffusion test 24 
  2.6.1.1 Antibody  detection test procedure 25 
 2.6.2 Neutralization test 25 
 IV
2.7 Virus isolation 25 
 2.7.1 Preparation of samples 25 
 2.7.2 Preparation of cell culture 26 
  2.7.2.1 Primary lamb testis cell culture  (LT) 26 
 2.7.3 Virus propagation and adaptation 27 
2.8 Virus titration 27 
2.9 Identification of LSD virus 28 
 2.9.1 Agar gel immunodiffussion  28 
 2.9.2 Virus neutralization test 28 
2.10 Polymerase chain reactions (PCR) 29 
 2.10.1 DNA extraction 29 
 2.10.2 Oligonucleotide primers 30 
 2.10.3 PCR condition 30 
 2.10.4 Detection of PCR product 31 
CHAPTER THREE: RESULTS 36 
3.1 Disease picture 36 
3.2 Seroepidemiology of LSD in Red Sea State 36 
 3.2.1 Agar gel immunodiffusion test 36 
 3.2.2 Serum neutralization test 37 
3.3 Virus isolation 37 
3.4 Growth of lumpy skin disease virus in cell culture 37 
3.5 Titration of LSD virus 37 
3.6 Identification of LSD virus 37 
 3.6.1 Agar gel immunodiffusion test of LSD virus 37 
 3.6.2 Neutralization of LSD virus 37 
3.7 PCR amplification   38 
 3.7.1 Direct detection of LSD, DNA in skin specimens 38 
 3.7.2 Direct PCR from cell culture harvest 38 
 3.7.3 PCR with DNA extracted by phenol chloroform from 
skin nodules/scabs (PCR2) 38 
CHAPTER FOUR: DISCUSSION 54 
CONCLUSION 60 
RECOMMENDATIONS 61 
REFERENCES 62 
APPNDICES 69 
 
 
 
 
 
 V
LIST OF TABLES 
 
Table Title Page 
1 Classification of LSDV 21 
2 History of skin specimens collected form LSD sick cattle in 
Red Sea State 32 
3 Distribution of sera collected in the study by area 33 
4 Distribution of sera collected in the study by age group 33 
5 Distribution of sera collected in the study by breed 34 
6 Distribution of sera collected in the study by sex group 34 
7 Titration of LSDV Tokar isolate according to Reed and 
Muench (1938). 39 
8 Titration of LSDV Port Sudan 1 isolate according to Reed and 
Meunch (1938) 40 
9 Titration of LSDV Port Sudan 2 isolate according to Reed and 
Meunch (1938) 41 
10 Titration of LSDV Sinkat isolate according to Reed and 
Meunch (1938) 42 
11 Detection of Abs to LSDV by AGID according to area of study 43 
12 Detection of Abs to LSDV by AGID according to age 43 
13 Detection of Abs to LSDV by AGID according to type of breed 44 
14 Detection of Abs to LSDV by AGID according to sex 44 
15 Titration of virus (LSDV Tokar) hyperimmune mixture and 
calculation of NI according to Reed and Meunch (1938) 45 
16 Detection of Abs to LSDV by neutralization test according to 
area of study 46 
17 Detection of Abs to LSDV by neutralization test according to 
age 46 
18 Detection of Abs to LSDV by neutralization test according to 
type of breed 47 
19 Detection of Abs to LSDV by neutralization test according to 
sex 47 
 
 
 VI
LIST OF FIGURES 
 
Figure Title Page 
1 Red Sea State 35 
2 Adult cattle affected by lumpy skin disease showing generalized 
nodules on the body. 48 
3 Adult cattle affected by lumpy skin disease showing nodules on the 
back region 49 
4 AGID with strong precipitation line formed between antigen in 
central wells and tested sera (Abs) in peripheral wells with 
hyperimmune serum positive control.   50 
5 AGID with strong precipitation line formed between positive 
capripoxvirus control serum in central well and lesion suspension in 
peripheral wells. 51 
6 Ethidium bromide stained agarose gel (1.5%) PCR was carried out 
on DNA samples extract from skin nodules of infected cattle by 
boiling using primer (VAP). Lane M: 100 bp ladder, lane 1 (LSD) 
from nodules of cattle (Tokar), lane 2 control negative (D.D.W.). 52 
7 Ethidium bromide stained agarose gel (1.5%) PCR was carried out 
on DNA samples extract from skin scabs and nodules of infected 
cattle by phenol-chloroform using primer (VAP). Lane M: 100 bp 
ladder, lane 1 (LSD) nodules from cattle (Port Sudan 1), lane 2 LSD 
nodules from cattle (Tokar), lane 3 LSD scabs from cattle (Tokar), 
lane 4 LSD scab from cattle (Sinkat), land 5 control negative 
(DDW). 53 
 
 
 
 
 
 
 
  
 VII
LIST OF ABBREVIATIONS  
AGID Agar gel immunodiffusion test  
Bp Base pair  
CAM Chorio allantoic membrane  
cDNA Complementary deoxyribonucleic acid   
CMI Cell mediated immunity 
CPE Cytopathic effect 
CVRL Central veterinary research laboratories  
DNA Deoxyribonucleic acid   
EDTA Ethyline diamine tetraacetic acid  
ELISA Enzyme linked immunosorbent assay  
FAO Food and Agriculture Organiztion 
FMD Foot and mouth disease  
GMEM Glasgow modified eagle’s medium  
GPV Goat pox virus  
HIS Hyperimmune serum  
HPSS Hank balance salt solution  
ICI Intracytoplasmic inclusion bodies 
ICTV International committee on taxonomy of virus  
LD50 Lethal dose 50 
LSD Lumpy skin disease  
LTC Lamb testis cell culture  
MAR Ministry of animal resources  
NI Neutralisation index  
nm  Nanometer  
OIE International epizootic office   
PAGE Poly acrylamide gel electrophoresis  
PBS Phosphate buffer saline  
PCR Polymerase chain reaction  
PD Phosphate diluents  
PI Post inoculation  
RNA Ribonucleic acid   
Rpm Revolution per minute 
SPV Sheep pox virus  
TCID50 Tissue culture infective dose50 
VAP Viral attachment protein  
VNT Virus neutralization test  
 
 VIII
ABSTRACT  
Lumpy skin disease is an economically important disease which 
produces debility in infected cattle. The morbidity rate is about 2% to 
98% while the mortality rate is estimated to be 3% or more. 
The purpose of this research was to study the prevalence of lumpy 
skin disease (LSD) in Red Sea State, Eastern Sudan.  
Two outbreaks of LSD that occurred in Red  Sea State in March 
2003 to August 2005 were investigated. The clinical diagnosis was 
confirmed in the laboratory by virus isolation and identification. 
Clinically, the disease was characterized by fever, nasal discharge and 
salivation for about 3 days. The skin raches soon developed into nodules, 
0.5 to 5 cm in diameter, which appeared on the neck, brisket, back and 
thighs. Occasionally nodules were seen on the udder, vulva, scrotum and 
around the eyes and lips, odema of legs and brisket and enlargement of 
lymph nodes, depression, emaciation and loss of appetite were frequently 
observed. A variation in the severity of the lesion was noticed and that 
had been severe in crossbred animals in comparison to local ones. 
In the investigated outbreaks, all age, sex and breed groups were 
affected. However, more than 50% of the deaths were reported in young 
animals in comparison with adult cattle.  
To determine the sero-epidemiology of LSD in Red Sea State, the 
agar gel immunodiffussion test was used to detect antibodies in serum 
samples collected from cattle of two different breeds, sex and age 
distributed in different areas. Out of 500 test serum samples, 341 samples 
gave positive result (68% seropositive). On the other hand, 285 serum 
samples out of 500 were positive when tested by serum neutralization test 
(57% seropositive). Seropositivity is higher when AGID test was used in 
comparison to serum neutralization test.  
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Serological testing using AGID and neutralization tests applied on 
sera collected from local and crossbred cattle resulted in higher 
seropositive in crossbred cattle (90% for the AGID and 63% for SN test) 
than in local breed (76.4% for the AGID and 43.0% for SN test). It is 
obvious that the crossbred animals are more susceptible to this disease.  
With regard to sex, seropositivity in females was higher (73.6 for 
AGID, 54.6% for SN test) than in males (58.6 for AGID, 44.7% for SN 
test).  
Concerning the age, seropositive was higher in the age  0 – 1 year 
(100% for the AGID, 70.4% for SN test) followed by the age      1 – 3 
years (97.7 for the AGID, 68.3% for SN test) and lower in age above 3 
years (59.8% for the AGID, 46.8% for SN test). This result indicates that 
this disease is prevailing mostly in young animals at the age of 0 – 3 
years.  
With regard to area, seropositivity was higher in Tokar (88 for the 
AGID, 75% for SN test) and Port Sudan (64 for the AGID, 59.5% for SN 
test) and lower in Sinkat (57% for the AGID, 18% for SN test) and Haya 
(42 for the AGID, 12% for SN test). 
The LSD is found to be more spreading between animals reared in 
Tokar area followed by Port Sudan and then Sinkat.  Haya area showed a 
very limited prevalence of LSD disease among the animals.  
In the present study, the skin scabs and nodules were collected 
from sick animals, homogenized and inoculated in LT cell culture. Four 
virus isolates were obtained when 5 skin samples were inoculated in lamb 
tests (LT) cell culture (Port Sudan 1, Port Sudan 2, Tokar and Sinkat). 
These isolates produced characteristic CPE of LSDV, such as rounding of 
cells and cell clumping  or shrinking and plaque formation when 
inoculated in LT cell culture. The CPE progressed slowly with cell 
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detachment leaving irregular holes. Spindle-shaped cells with long 
extremities at the margin of the holes were also seen. The affected cells 
exhibited a conspicuous granular appearance and irregular hole and 
rounding up of some cells were also observed.  
Titration of isolates of lumpy skin virus (Port Sudan 1, Port Sudan 
2, Tokar and Sinkat) was performed in LT cells and resulted in a titer of 
105.2/ml, 104.2/ml, 104.3/ml and 103.6/ml, respectively.  
The virus neutralization test was used as confirmatory test for 
diagnosis of lumpy skin disease and for comparing it with polymerase 
chain reaction (PCR). LT cells infected with Tokar isolate were used and 
the results were taken after 9 days. The results confirmed the identity of 
lumpy skin virus isolates used in the present study since the test gave a 
neutralization index of 1.4.    
Polymerase chain reaction (PCR) was used in this study to 
determine the feasibility of improving diagnosis of lumpy skin disease 
virus in scabs collected from the field, as well as in supernatant of 
infected cell culture.  
Two methods of DNA extraction were tried. The first method 
(PCR1) employed on DNA extraction step with scabs homogenate or cell 
culture supernatant added directly to PCR mixture at 99°C for 15 min to 
release the DNA and then followed by ordinary PCR. By this method, 1 
out of 5 samples gave positive result.  
In the second method (PCR2), viral DNA was extracted by phenol-
chloroform specimens, four samples out of 5 gave positive results.  
The DNA band sizes corresponded to the expected size of     192 
bp. PCR2 seemed to be more sensitive than (PCR1) method. 
Finally certain recommendations are given in this aspect. 
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  اﻷﻃﺮوﺣﺔﻣﻠﺨﺺ 
ﻓﻲ ﺍﻷﺒﻘﺎﺭ ﻤﻥ ﺃﻫﻡ ﺍﻷﻤﺭﺍﺽ ﺍﻟﺠﻠﺩﻴﺔ ﺍﻟﺘﻲ ﺘﺤﺩﺙ ( ﺍﻟﻤﺘﻜﺘل)ﻴﻌﺘﺒﺭ ﻤﺭﺽ ﺍﻟﺠﻠﺩ ﺍﻟﻌﻘﺩﻱ   
ﻓﻲ ﺤـﻴﻥ % 89-2ﻤﻌﺩل ﺍﻹﺼﺎﺒﺔ ﺒﻪ ﻴﺘﺭﺍﻭﺡ ﻤﺎ ﺒﻴﻥ . ﺨﺴﺎﺌﺭ ﺍﻗﺘﺼﺎﺩﻴﺔ ﻜﺒﻴﺭﺓ ﻭﻗﻠﺔ ﻓﻲ ﺍﻹﻨﺘﺎﺝ 
  .ﺃﻭ ﺃﻜﺜﺭ ﻗﻠﻴﻼﹰ% 3ﻤﻌﺩل ﺍﻟﻭﻓﻴﺎﺕ ﻓﻲ ﺤﺩﻭﺩ 
ﺸﺎﺭ ﻤﺭﺽ ﺍﻟﺠﻠﺩ ﺍﻟﻌﻘﺩﻱ ﻓﻲ ﺍﻻﺒﻘﺎﺭ ﻓﻲ ﺍﻟﻬﺩﻑ ﻤﻥ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺇﺠﺭﺍﺀ ﻤﺴﺢ ﺤﻘﻠﻲ ﻻﻨﺘ   
  .ﻭﻻﻴﺔ ﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ ﻓﻲ ﺸﺭﻕ ﺍﻟﺴﻭﺩﺍﻥ
ﺘﻡ ﺭﺼﺩ ﻭﺒﺎﺌﻴﻥ ﻟﻤﺭﺽ ﺍﻟﺠﻠﺩ ﺍﻟﻌﻘﺩﻱ ﻓﻲ ﻭﻻﻴﺔ ﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ ﺨـﻼل ﺸـﻬﺭ ﻤـﺎﺭﺱ   
ﺍﻟﺘﺸﺨﻴﺹ ﺍﻟﻤﻌﻤﻠﻲ ﺘﻡ ﺒﻌﺯل ﻭﺘﺄﻜﻴﺩ ﻋﺯل ﺍﻟﻔﻴـﺭﻭﺱ ﻭﺍﺴـﺘﺨﺩﺍﻡ . ﻡ5002 ﺇﻟﻲ ﺃﻏﺴﻁﺱ 3002
ﺤﻤﻲ، ﺯﻴﺎﺩﺓ ﻓﻲ ﺍﻓﺭﺍﺯﺍﺕ ﺍﻷﻨﻑ ﻭﺍﻟﻠﻌﺎﺏ : ﺘﻡ ﺭﺼﺩ ﻋﻼﻤﺎﺕ ﺍﻟﻤﺭﺽ . ﺘﻔﺎﻋل ﺍﻟﺒﻠﻤﺭﺓ ﺍﻟﻤﺘﺴﻠﺴل 
ﻟﻤﺩﺓ ﺜﻼﺜﺔ ﺃﻴﺎﻡ ﺜﻡ ﻴﻌﻘﺒﻬﺎ ﺍﻨﺘﺸﺎﺭ ﺍﻟﻌﻘﺩ ﺍﻟﺠﻠﺩﻴﺔ ﻓﻲ ﻤﻨﺎﻁﻕ ﺍﻟﺭﻗﺒﺔ، ﺍﻟﻅﻬﺭ، ﺍﻟﺼﺩﺭ، ﺍﻟﻔﺨﺫ ﻭﺃﺤﻴﺎﻨﺎﹰ 
ﺘﻅﻬﺭ ﺍﻟﻌﻘﺩ ﻓﻲ ﻤﻨﻁﻘﺔ ﺍﻟﻀﺭﻉ، ﺍﻟﻔﺭﺝ ﻭﺍﻟﺼﻔﻥ ﻭﺤﻭل ﺍﻟﻌﻴﻥ ﻭﺍﻟﻔﻡ، ﻭﺭﻡ ﻓﻲ ﻤﻨﻁﻘـﺔ ﺍﻷﺭﺠـل 
  . ﻓﻘﺩﺍﻥ ﺍﻟﺸﻬﻴﺔﻭﺍﻟﺼﺩﺭ ﻭﺘﻀﺨﻡ ﻓﻲ ﺍﻟﻌﻘﺩ ﺍﻟﻠﻤﻔﺎﻭﻴﺔ، ﺨﻤﻭل، ﻀﻌﻑ ﻋﺎﻡ،
ﻜﻤﺎ ﺃﻥ ﻜل . ﻭﺠﺩ ﺃﻥ ﻤﻌﺩل ﺍﻨﺘﺸﺎﺭ ﺍﻟﻤﺭﺽ ﺍﻜﺒﺭ ﻓﻲ ﺍﻷﺒﻘﺎﺭ ﺍﻟﻬﺠﻴﻥ ﻤﻥ ﺍﻷﺒﻘﺎﺭ ﺍﻟﻤﺤﻠﻴﺔ   
ﻤﻥ ﺍﻟﻭﻓﻴﺎﺕ ﺭﺼﺩﺕ ﻓﻲ ﺍﻷﻋﻤـﺎﺭ ﺍﻟـﺼﻐﻴﺭﺓ % 05ﺍﻷﻋﻤﺎﺭ ﺃﺼﻴﺒﺕ ﺒﺎﻟﻤﺭﺽ ﻟﻜﻥ ﺃﻜﺜﺭ ﻤﻥ 
  .ﺒﺎﻟﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺍﻷﻋﻤﺎﺭ ﺍﻟﺒﺎﻟﻐﺔ ﻤﻥ ﺍﻷﺒﻘﺎﺭ
 ﺍﺒﻘﺎﺭ ﻤﺨﺘﻠﻔـﺔ ﺍﻻﻋﻤـﺎﺭ  ﻋﻴﻨﺔ ﺴﻴﺭﻡ ﺍﺨﺫﺕ ﻤﻥ 005ﺃﻅﻬﺭﺕ ﻨﺘﺎﺌﺞ ﺍﻟﻤﺴﺢ ﺍﻟﻤﺼﻠﻲ ﻟ  ـ  
ﻭﺍﻟﺠﻨﺱ ﻭﺍﻟﺴﻼﻟﺔ ﻤﻥ ﻋﺩﺓ ﻤﻨﺎﻁﻕ ﻓﻲ ﺍﻟﻭﻻﻴﺔ، ﺒﻌﺩ ﺇﺠﺭﺍﺀ ﺍﺨﺘﺒﺎﺭ ﺍﻻﺠـﺎﺭ ﻭﺍﺨﺘﺒـﺎﺭ ﺍﻟﺘﻌـﺎﺩل 
 ﻋﻴﻨـﺔ 582؛ (ﺇﻴﺠﺎﺒﻴـﺔ ﺍﻟﻤـﺼل % 86) ﻋﻴﻨﺔ ﻤﻭﺠﺒﺔ ﻓﻲ ﺍﺨﺘﺒﺎﺭ ﺍﻻﺠﺎﺭ 143: ﺍﻟﻤﺼﻠﻲ ﺍﻵﺘﻲ 
  (.ﺇﻴﺠﺎﺒﻴﺔ ﺍﻟﻤﺼل% 75)ﻤﻭﺠﺒﺔ ﻓﻲ ﺍﺨﺘﺒﺎﺭ ﺍﻟﺘﻌﺎﺩل ﺍﻟﻤﺼﻠﻲ 
ﻓـﻲ ﺍﻻﺠـﺎﺭ، % 6.37 ﻤﺭﺽ ﺍﻟﺠﻠﺩ ﺍﻟﻌﻘﺩﻱ ﻓﻲ ﺍﻹﻨﺎﺙ ﻜﻤﺎ ﺃﻅﻬﺭﺕ ﺃﻥ ﻨﺴﺒﺔ ﺍﻨﺘﺸﺎﺭ   
ﻓـﻲ % 7.44ﻓﻲ ﺍﻷﺠﺎﺭ، % 6.85)ﻓﻲ ﺍﻟﺘﻌﺎﺩل ﺍﻟﻤﺼﻠﻲ ﺃﻋﻠﻲ ﻤﻥ ﻨﺴﺒﺘﻪ ﻓﻲ ﺍﻟﺫﻜﻭﺭ % 6.45
ﻭﻜﺫﻟﻙ ﺘﻡ ﺭﺼﺩ ﺍﻋﻠﻲ ﻨﺴﺒﺔ ﻤﻥ ﻤﻌﺩﻻﺕ ﺇﻨﺘـﺸﺎﺭ ﺍﻟﻤـﺭﺽ ﻓـﻲ ﺍﻷﻋﻤـﺎﺭ (. ﺍﻟﻤﺴﺢ ﺍﻟﻤﺼﻠﻲ 
ﺘﻠﻴﻬﺎ ﺍﻟﻔﺌﺔ ( ﻠﻲﻓﻲ ﺍﻟﺘﻌﺎﺩل ﺍﻟﻤﺼ % 4.07ﻓﻲ ﺍﻻﺠﺎﺭ ﻭ % 001) ﺴﻨﺔ 1 – 0ﺍﻟﺼﻐﻴﺭﺓ ﺍﻟﺴﻥ ﻤﻥ 
ﺜﻡ ﺍﻟﻔﺌـﺔ ﺍﻟﻌﻤﺭﻴـﺔ ( ﻓﻲ ﺍﻟﺘﻌﺎﺩل ﺍﻟﻤﺼﻠﻲ % 3.86ﻓﻲ ﺍﻻﺠﺎﺭ ﻭ % 7.79)  ﺴﻨﺔ 3 – 1ﺍﻟﻌﻤﺭﻴﺔ 
ﻭﻫﻲ ﺍﻗل ﻨﺴﺒﺔ ﺇﺼـﺎﺒﺔ (  ﻓﻲ ﺍﻟﺘﻌﺎﺩل ﺍﻟﻤﺼﻠﻲ 8.46ﻓﻲ ﺍﻻﺠﺎﺭ ﻭ % 8.95) ﺴﻨﻭﺍﺕ 3ﺃﻜﺒﺭ ﻤﻥ 
  .  ﺒﻤﺭﺽ ﺍﻟﺠﻠﺩ ﺍﻟﻌﻘﺩﻱ
ﻌﻼﻗﺔ ﺒﻴﻥ ﺍﻨﺘﺸﺎﺭ ﺍﻟﻤﺭﺽ ﻭﺍﻟﻤﻨﻁﻘﺔ ﻭﺠﺩ ﺃﻥ ﺃﻋﻠﻲ ﻨـﺴﺒﺔ ﺍﻨﺘـﺸﺎﺭ ﻓﻲ ﺍﻟ ﺃﻤﺎ ﻓﻴﻤﺎ ﻴﺘﻌﻠﻕ   
ﺜﻡ ﺘﻠﻴﻬﺎ ﻤﻨﻁﻘﺔ ( ﻓﻲ ﺍﻟﺘﻌﺎﺩل ﺍﻟﻤﺼﻠﻲ % 57ﻓﻲ ﺍﻻﺠﺎﺭ، % 88)ﻟﻠﻤﺭﺽ ﺘﻭﺠﺩ ﻓﻲ ﻤﻨﻁﻘﺔ ﻁﻭﻜﺭ 
ﻭﺃﻗل ﻨﺴﺒﺔ ﺍﻨﺘﺸﺎﺭ ﻟﻠﻤـﺭﺽ ﻓـﻲ (  ﻓﻲ ﺍﻟﺘﻌﺎﺩل ﺍﻟﻤﺼﻠﻲ 5.95ﻓﻲ ﺍﻻﺠﺎﺭ، % 46)ﺒﻭﺭﺘﺴﻭﺩﺍﻥ 
IIX 
ﻓـﻲ ﺍﻻﺠـﺎﺭ % 24)ﻭﻫﻴـﺎ ( ﻟﻤﺼﻠﻲﻓﻲ ﺍﻟﺘﻌﺎﺩل ﺍ % 81ﻓﻲ ﺍﻻﺠﺎﺭ ﻭ % 75)ﻤﻨﻁﻘﺘﻲ ﺴﻨﻜﺎﺕ 
  .ﺒﺎﻟﺘﺘﺎﺒﻊ( ﻓﻲ ﺍﻟﺘﻌﺎﺩل ﺍﻟﻤﺼﻠﻲ% 21ﻭ
ﺘﻡ ﺃﺨﺫ ﻋﻴﻨﺎﺕ ﻤﻥ ﻋﻘﺩ ﻭﻗﺸﻭﺭ ﺠﻠﺩﻴﺔ ﻤﻥ ﺃﺒﻘﺎﺭ ﻅﻬﺭﺕ ﻋﻠﻴﻬﺎ ﺃﻋﺭﺍﺽ ﺍﻟﻤـﺭﺽ ﻭﺘـﻡ   
ﺇﻋﺩﺍﺩ ﺍﻟﻌﻴﻨﺎﺕ ﺒﺴﺤﻨﻬﺎ ﻭﻤﻌﺎﻤﻠﺘﻬﺎ ﺒﺎﻟﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻭﻴﺔ ﻭﺘﻡ ﺘﺯﺭﻴﻌﻬﺎ ﻓﻲ ﺨﻼﻴﺎ ﺨﺼﻲ ﺍﻟﺤﻤـﻼﻥ، 
ﻋﺒﺎﺭﺓ ﻋـﻥ ﺍﺴـﺘﺩﺍﺭﺓ ﺍﻟﺨﻼﻴـﺎ ﻭﺍﻨﺘﻔﺎﺨﻬـﺎ ﺃﻅﻬﺭ ﺍﻟﻌﻴﻨﺎﺕ ﺘﺄﺜﻴﺭﺍﺕ ﻤﺭﻀﻴﺔ ﻓﻲ ﺍﻟﺯﺭﻉ ﺍﻟﺨﻠﻭﻱ 
ﺘﻡ ﺘﺸﺨﻴﺹ ﺍﻟﻌﻴﻨﺎﺕ ﻋﻥ ﻁﺭﻴﻕ ﺍﻟﻌﺯل ﻓﻲ ﺍﻟﺯﺭﻉ ﺍﻟﺨﻠﻭﻱ ﻭﺘﺄﻜﻴـﺩﻩ ﻋـﻥ . ﻭﺘﺠﻤﻌﻬﺎ ﻭﺘﺤﻁﻤﻬﺎ 
 ﻋﻴﻨـﺎﺕ 4ﻁﺭﻴﻕ ﺍﻟﺘﻌﺎﺩل ﺍﻟﻔﻴﺭﻭﺴﻲ ﻭﻤﻌﺎﻴﺭﺓ ﺍﻟﻔﻴﺭﻭﺱ ﺤﻴﺙ ﺃﻅﻬﺭ ﺍﻟﻨﺘﺎﺌﺞ ﻋﺯل ﺍﻟﻔﻴﺭﻭﺱ ﻓﻲ 
ﺍﻡ ﻤﺼل ﻤﻤﻨـﻊ ﺍﺨﺘﺒﺎﺭ ﺍﻟﺘﻌﺎﺩل ﺍﻟﻔﻴﺭﻭﺴﻲ ﺃﻜﺩ ﺃﻥ ﺍﻟﻔﻴﺭﻭﺱ ﻤﻭﺠﺏ ﺒﺎﺴﺘﺨﺩ .  ﻋﻴﻨﺎﺕ ﺠﻠﺩﻴﺔ 5ﻤﻥ 
 ﻜﻤﺎ ﺍﻥ ﻤﻌﻴﺎﺭ ﺍﻟﻔﻴﺭﻭﺱ ﺍﻟﻤﺤﺩﺙ ﻟﻠﺘﻐﻴﻴﺭﺍﺕ ﺍﻟﻤﺭﻀﻴﺔ ﻓﻲ 4.1ﻟﻌﺯﻟﺔ ﻁﻭﻜﺭ ﻭﺃﻋﻁﻲ ﺭﻗﻡ ﺘﻌﺎﺩل 
ﻤـل، /2.401 2ﻤـل، ﺒﻭﺭﺘـﺴﻭﺩﺍﻥ /2.501 1ﻤل، ﺒﻭﺭﺘﺴﻭﺩﺍﻥ /3.401ﺍﻟﺯﺭﻉ ﺍﻟﻨﺴﻴﺠﻲ، ﻁﻭﻜﺭ 
  .ﻤل/6.301ﺴﻨﻜﺎﺕ 
ﺘﻔﺎﻋل ﺍﻟﺒﻠﻤﺭﺓ ﺍﻟﻤﺘﺴﻠﺴل ﺍﻟﻤﺴﺘﺨﺩﻡ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺃﺩﺨل ﻜﻭﺴﻴﻠﺔ ﺤﺩﻴﺜـﺔ ﻟﺘـﺸﺨﻴﺹ   
ﻟﻠﻔﻴـﺭﻭﺱ AND  ﺭﺽ ﺍﻟﺠﻠﺩ ﺍﻟﻌﻘﺩﻱ، ﺘﻡ ﺍﺴﺘﺨﻼﺹ ﺍﻟﺤﻤﺽ ﺍﻟﻨﻭﻭﻱ ﻤﻨﻘﻭﺹ ﺍﻷﻜـﺴﺠﻴﻥ ﻤ
ﺒﻁﺭﻴﻘﺘﻴﻥ ﻤﺒﺎﺸﺭﺓ ﻤﻥ ﺍﻟﻤﻌﻠﻕ ﺍﻟﻤﺘﺠﺎﻨﺱ ﻟﻠﻔﻴﺭﻭﺱ ﻤﻥ ﻗﺸﻭﺭ ﻭﻋﻘﺩ ﺠﻠﺩﻴﺔ ﻭﺤﺼﺎﺩ ﺯﺭﻉ ﻨﺴﻴﺠﻲ، 
ﻭﻫﺫﻩ ﺍﻟﻁﺭﻴﻘﺔ ﺃﻋﻁﺕ ﻨﺘﻴﺠﺔ ﻭﺍﺤﺩﺓ ﻤﻭﺠﺒﺔ ﻤﻥ ﺨﻤﺴﺔ ﻋﻴﻨﺎﺕ ﻭﺍﻟﻁﺭﻴﻘﺔ ﺍﻷﺨﺭﻱ ﻫﻲ ﺍﺴﺘﺨﻼﺹ 
ﻁﺭﻴﻕ ﺍﻟﻜﻠﻭﺭﻭﻓﻭﺭﻡ ﻭﺍﻟﻔﻴﻨﻭل ﻤـﻥ ﺍﻟﻘـﺸﻭﺭ ﻭﺍﻟﻌﻘـﺩ ﺍﻟﺤﻤﺽ ﺍﻟﻨﻭﻭﻱ ﻤﻨﻘﻭﺹ ﺍﻷﻜﺴﺠﻴﻥ ﻋﻥ 
ﻭﺠﺩ ﺃﻥ ﺍﻟﻁﺭﻴﻘﺔ ﺍﻟﺜﺎﻨﻴـﺔ .  ﻋﻴﻨﺎﺕ 5 ﻋﻴﻨﺎﺕ ﻤﻭﺠﺒﺔ ﻤﻥ 4ﺍﻟﺠﻠﺩﻴﺔ ﻭﻫﺫﻩ ﺍﻟﻁﺭﻴﻘﺔ ﺃﻅﻬﺭﺕ ﻭﺠﻭﺩ 
  .1RCP ﻫﻲ ﺃﻜﺜﺭ ﺤﺴﺎﺴﻴﺔ ﻤﻥ ﺍﻟﻁﺭﻴﻘﺔ ﺍﻷﻭﻟﻲ 2RCP
  .ﻭﺃﺨﻴﺭﺍﹰ ﺘﻡ ﻭﻀﻊ ﺘﻭﺼﻴﺎﺕ ﻤﺤﺩﺩﺓ ﻓﻲ ﻫﺫﺍ ﺍﻟﺼﺩﺩ  
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INTRODUCTION 
 
Capripox viruses are the most important pox viruses of animals, 
causing disease, especially in sheep, goats and cattle. These viruses 
are responsible for some of the most economically significant diseases 
of domestic ruminants in Africa and Asia (Carn, 1993; Esposito and 
Fenner, 2001). 
Lumpy skin disease (LSD) which is a pox disease of cattle is an 
acute, subacute or inapparent viral disease characterized by fever and 
development of firm circumscribed skin nodules (Prozesky and 
Burnard, 1982). 
Sudan occupies an area of approximately one million square 
miles of North East Africa and considered as one of the largest 
countries in Africa. Sudan animal population is estimated to be128.7 
heads in the year 2001, of which 38.3 million cattle, 47.3 million 
sheep, 39.9 million goats and 3.2 million camels (FAO, 2002). 
Equines and poultry are also found.  
Animal population of the Red Sea State composed of 
approximately 212.369 camels, 15.385 goats, 313.111 sheep and 
55.822 cattle (MAA, Port Sudan, 2003).  
Outbreaks a new pox like disease causing high morbidity and 
low mortality in cattle swept the Sudan from western to eastern border 
were in the year 1971. Those disease outbreaks were investigated and 
LSD was confirmed by the isolation and identification of the 
etiological agent (Ali and Obeid, 1977).  
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Effort for prophylaxis against LSD has begun in the Sudan 
since early eighties of the last century when a virus isolate designated 
"Massalamia" was identified as Neethling type virus, the causative 
agent of true LSD (Ali, 1981).  
Outbreaks of LSD in imported Friesian and indigenous cattle in 
Khartoum State during the period 1989 and 1991 were described by 
Khalafalla et al. (1993). Recently outbreaks of LSD in Khartoum, 
Gezira and the River Nile States during the period 2004-2006 (CVRL, 
2006) and in Red Sea State (two outbreaks) in years 2003-2005 
(MAA, Port Sudan, 2006) were reported. 
Lumpy skin disease in the Sudan is generally known to be a 
seasonal disease associated with cold winter, however, in last few 
years outbreaks of the disease were observed at different times of the 
year. As a prerequisite of this approach field outbreaks should be 
investigated to determine the prevalence of the disease and the 
causative agent should be isolated and characterized.  The diagnosis of 
lumpy skin disease is usually based on clinical signs followed by 
laboratory confirmation.  
Initially, the laboratory tests were agar gel immunodifusion test 
and neutralization test. 
Diagnosis of LSD from skin scabs and nodules is made by virus 
isolation on cell culture and confirmation by virus neutralization. LSD 
isolation is a long procedure due to the slow growth of the virus in cell 
culture, in which cytopathic effect (CPE) may take up to 9-12 days to 
develop (Plowright and Ferris, 1958).   
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The diagnostic problems can be overcome by using PCR, which 
is specific, rapid, sensitive and accurate assay for the detection of 
Lumpy skin disease. Recently various PCR methods for detection and 
diagnosis of virus infection were developed (Ireland and Binepal, 
1998; Iteine et al., 1999; Mangana-Vougiouka et al., 1999; Parthiban 
et al., 2005).  
The objectives of this study can be given as follows:                 
- Determination of the prevalence of LSD in Red Sea State of 
Eastern Sudan. 
- Isolation of the causative agent.  
- Application of PCR for quick diagnosis and for identifying 
virus isolates.  
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CHAPTER ONE 
LITERATURE REVIEW 
 
1.1 Historical Background: 
Lumpy skin disease is a pox like disease and an infectious 
eruptive, occasionally fatal, and acute to chronic viral disease of 
cattle. 
The disease is characterized by fever, development of firm, well 
demarked nodules on the skin, mucous membranes and internal 
aspects of the body and enlargement of the local drainage lymph 
nodes (Prozesky and Barnard, 1982; Davies 1986). 
The known hosts for lumpy skin disease virus include: cattle, 
giraffe, aepycerosmelampus, sheep and goat (Young et al., 1970). 
Lumpy skin disease was unknown disease until first appeared in 
Zambia 1929 (Macdonald, 1931; Morris, 1931) and called pseudo 
urticaria (Haig, 1957).   
Le Roux (1945), who during the following years, had observed 
cases in that region, was the first to use the term (Lumpy disease) but 
he blamed a plant poison for it. 
In 1944 after thirteen years of confinement in Zambia the 
disease launched out an epizootic in Bechuan Land Protectorate 
“Botswana” and Ngami Land where it was called Ngami Land 
Disease and its infective nature was recognized barely on historical 
and epizootological grounds (Von Backstrom, 1945). Late in 1944- 
1945 infection was reported in the Union of South Africa (Thomas 
and Mare, 1945), and in Southern Rhodesia and in Zimbabwe 
(Huston, 1947).  
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The outbreak spread slowly and erratically along the cattle 
routes to involve the whole of the Union and by 1946 it extended east 
wards to Mozambique (Haig, 1957). The disease extended in 1954 to 
Madgascar (Lalanne, 1956), and in 1956 to South–West Africa 
“Namibia” (Lefevre et al., 1979).  
Overcoming the Southern half of the African continent, the 
disease infiltrated to Central Africa and Angola in 1946, Zaire in 1950 
and Congo in 1965 (Lefevre et al., 1979).  
In East Africa, LSD was suspected in 1956 in Tanganyika (Part 
of Tanzania), and in Uganda 1956 (OIE, 1956, Lefevre et al., 1979)    
In 1957 it was identified in Kenya (Burdin, 1959, and Prydie 
and Coackley, 1959), and by 1962 suspected cases began to appear in 
Ethiopia (OIE, 1962). 
In 1971, the Sudan experienced an explosive epizootic of LSD 
disease (Ali and Obied, 1977), the disease moved west to involve 
Chad and Niger in  1973 (Lefevre et al., 1979). 
In 1974, the disease affected Nigeria (Woods, 1974; Nawathe     
et al., 1978) and Ivory Coast  in 1976 (Pierre 1978).  
In 1977, it was reported from Ghana, Liberia, Mali and 
Mauritania (OIE, 1977). Another epizootic of Lumpy skin disease 
affected Tanzania, Kenya, Zimbabwe, Somalia and Cameroon 
between the years 1981 and 1986 (Davies and Atema, 1981). 
In 1988, LSD was diagnosed in Egypt (Salem, 1989).  
In March 2004, LSD was noticed in parts of southern district, 
around Moshupa, Sesung, Tsoonyane, Mosepele and Moitchinyi of 
Botswana (Pan African, 2004). 
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The disease was not identified outside Africa until 1989, when 
Lumpy skin disease virus was isolated in Israel (Shimshony, 1989; 
Abraham et al., 1991). In 1986-88 the disease affected Kuwait 
(Anonymous, 1988). 
Outbreaks reported in Bahrain and Reunion in 1993 were not 
confirmed by virus isolation (OIE, 2004). 
Algeria, Gabon, Tunisia and Mauritius are the only African 
countries which have never recorded the LSD disease (Pan African, 
1991). 
1.2 Lumpy skin disease: 
Lumpy skin disease is a pox like disease and infectious skin 
disease, eruptive, occasionally fatal, and acute to chronic viral disease 
of cattle, giraffe, impala, sheep and goat as mentioned before. 
All ages of cattle can be affected, but young calves are usually 
more severely affected (Davies, 1986). There was no correlation 
between the severity of lesion and age, breed or sex (Pierre, 1978), but 
animals with thinner skin were more predisposed to development of 
severe lesion. The clinical signs develop two to five weeks after 
natural infection, its salient feature includes febrile reaction which 
may persist for two weeks or disappear. 
Generally within 2 days after the appearance of the fever and 
seven to ten days after the first febrile response, the swelling nodules 
or Lumps begin to appear (2.5 cm in diameter). Swellings are painful 
to touch, firm in consistency, flat, raised rounded or well 
circumscribed in shape, and might be few or many in the skin of the 
head, neck, perineum, genitalia, udder, limbs and tail. 
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Lesion possibly appear on the mucosa of the mouth, nose, 
conjunctiva and vagina leading to enlargement of the local draining 
lymph nodes. Inflammatory and oedematous swelling of the limbs 
(Lameness) and also the ventral aspect of the body may develop. 
In severe case the appearance of skin nodules is accompanied 
by salivation, discharge from nose and eyes, reluctance to move, loss 
of appetite, depression, weight loss and fever.  
Complications include lymph nodes suppuration, skin 
ulceration and sloughing mastitis, pneumonia, anoestrus, abortion and 
infertility in bulls are also noticed (Haig, 1957; Weiss, 1968; Wood, 
1988; Davies, 1991). 
Davies (1982) has reported intrauterine infection of late term 
fetuses in which calves are born with LSD lesions and cows may not 
come into oestrus for several months after LSD. 
The lesion may persist in various stages over course of 4 to 6 
weeks. Resolution of lesion may take 2 to 6 months and nodules can 
remain visible for 1 to 2 years (Davies, 1991). 
The incubation period under field condition is 2–5 weeks, but in 
experimental infection by intradermal inoculation, a lesion usually 
develops at the inoculation site within 6 to 20 days (Haig, 1957). 
Experimental infection in sheep and goat yielded contradictory 
result as observed by the early South African workers (Capstick, 
1959). 
Subcutaneous inoculation of tissue culture isolate of Neethling 
type virus produced no reaction neither in sheep nor in goats (Ali and 
Obeid, 1977). The clinical picture of experimental infection in cattle  
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appears from four to eighteen days. Pyrexia is not a constant sign and 
the skin lesions are similar to those described in the natural infection. 
The local response following subcutaneous inoculation is 
characterized by formation of firm, painful, circumscribed swelling 
which may reach 20cm or more in diameter. The regional lymph 
nodes are enlarged. Following intradermal inoculation, firm and 
painful, swellings develop with involvement of local draining lymph 
nodes. These local swellings may reach 3 cm in diameter and they 
either ripe (sit fast) or regress completely (Weiss, 1963; Ali and 
Obied, 1977). Cap Stick et al. (1959) reported that an internal ruminal 
pillars and involvement of trachea, without the development of 
generalize skin lesion are seen following intradermal inoculation. 
1.3 Lumpy skin disease virus: 
1.3.1 Classification of LSDV: 
Lumpy skin disease virus was classified by the International 
Committee of Taxonomy of Viruses (ICTV) as to belong to the genus 
Capripox virus, classified in the subfamily chordopoxvirinae of the 
poxviridae family (Mathews, 1982).(Table 1). According to records of 
the Office International des Epizootic (OIE), LSD virus is classified as 
list (A) infectious disease agent. 
1.3.2 Morphology of LSD virus: 
  According to Conroy and Neyer (1971); Okada and Fugimoto 
(1975); Pandy et al. (1990) Davies (1991), Nagington and Horn 
(1992), virions are brick shaped and complex in structure, measuring 
about  250 x  200  x 200  nm in size. Black et al. (1986); Gershon      
et al. (1989); Murphy et al. (1995) reported that the genome consists 
of a single linear molecule of double stranded DNA, with covalently 
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closed ends, virion formation involves coalescence of DNA within 
crescent shaped immature particles, which then mature by the addition 
of outer coat layers and the core appeared dumb-bell-shaped.  
1.3.3 Physicochemical Properties of LSDV: 
 The virus is highly sensitive to ether (Plowright et al., 1959) 
and stable in allantoic fluid when subjected to wide variation of 
hydrogen ion concentration under different conditions of time and 
temperature (Polson and Turner, 1954). 
1.4 Epizootiology: 
 Lumpy skin disease has shown two epizootic forms, one form is 
mild or sporadic in nature with slow spread, and a sudden epizootic 
which during a short time spread into a large area is the second form 
(Woods, 1988; Davies, 1991). Examples of the former were seen in 
Kenya (1957) (Burdin, 1959) and Israel (1989) (Shimshony, 1989; 
Abraham et al., 1991),  where the latter was reported from South 
Africa in 1945 – 1949 (Haig, 1957) and Sudan in 1971 (Ali and 
Obeid, 1977).  
 In Kenya, the morbidity was 0.5% and only few animals died 
(Macowen, 1959), and in Israel the disease was diagnosed in one 
locality and no dissemination occurred (Abraham et al., 1991). In 
South Africa, eight millions cattle were affected and the morbidity 
was 50 to 100% and the mortality was 1-4% (Diesel, 1949). In 1971, 
the disease had spread within thirty five days in all districts of Sudan 
in the west and crosses the country to point 650 miles in Eastern 
Sudan with a morbidity of 3.5 – 84.8% and a mortality of 1% or less 
(Ali and Obeid, 1977).  
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 Neither quarantine nor restriction of animals movement could 
circumvent the disease. This is, beside the observation that the disease 
was most prevalent during seasons when biting insects were numerous 
(Haig, 1957). The virus was isolated from mosquitoes Culexmirificus, 
Adesnatronius, Culicoides nubeculosus, various species to tick 
Stomoxycalcitrance, Biomyafascita, biting lice (Mallophagus spp.), 
sucking lice (Damalinia spp) (Weiss, 1968).   
 Weiss (1968) reported the presence of LSD in blood, saliva, 
semen and skin nodules of cattle for several days followed by fever 
and appearance of the generalized skin nodules. Ali and Obeid (1977) 
reported that the disease was not highly contagious and that some 
animals had initiate resistance. 
 Wildlife in Africa probably does not play an important part in 
the carrying spreading of LSD (Ali and Obeid, 1977; Hedger and 
Hamblin, 1983).    
1.5 Immunity: 
  The variable morbidity rate in different herd groups and 
variation in the severity of the disease from one animal to another 
within the same herd, were early observed on LSD virgin epizootic. 
Huston (1947); Adelaer and Neitz (1948) and Pols (1956) described 
short term immunity following infection, inferred from the recurrent 
development of LSD-like lesion in some recovered animals. Weiss 
(1968) reported that the immunity engendered by infection for six 
months. He suggested that the recurrent development of LSD lesions 
in some recovered animals due to subsequent infections with the 
antigenically unrelated Allerton virus. This suggestion is in 
accordance with the results of cross-neutralization (Davies and Atema, 
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1981; Davies, 1982; M'ebratu et al., 1984), and cross-protection test 
(Capstick et al., 1959) which proved that the different isolates of 
(Neethling) type virus were antigenially similar. 
 The role of cell mediated immunity (CMI) in protection has not 
been clearly defined. However, 88% of reactors to a hyper sensitivity 
test were found susceptible to LSD challenge (Capstick and Coackley, 
1962). 
1.5.1 Immunogenic relation with Capri pox Viruses: 
All sheep pox virus strains which are closely related 
antigenically to goat pox, were found to protect cattle against the 
intradermal challenge with Neethling type virus. 
A local Sudanese isolate of Sheep pox (Soba) isolated from 
sheep during an active epizootic of LSD in cattle failed to do so, 
although in the same experiment, the protective effect of the Kedong 
strain was confirmed (Ali, 1973; Muzichin and Ali, 1979). 
In serological studies, Davies and Atema (1981) reported that 
IFA (Imuno fluorescent antibody) and virus–serum neutralization test 
(VSN) did not show any difference between strains of Neethling type 
virus and Kenyan sheep and goat pox virus (KSGPV). 
A major common precipitating antigen for goat and sheep pox 
and Neethling virus was identified using the agar immunodiffusion 
test (AGID) with radio labelled antigen preparation (Kitching et al., 
1986). 
The different isolates of Neethling type virus are identical and 
their genome appears to be the same as that of the KSGPV (Gershon 
and Black, 1988; Kitching et al., 1989). 
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1.6 Diagnosis of LSD:  
 A presumptive diagnosis can be on the epizootiological finding 
and clinical picture.  
1.6.1 Laboratory diagnosis:  
 It is mainly in enzootic area where mild case and sporadic 
incidence might be misleading. It is preferable to collect specimens 
from animals with generalized skin lesions. 
 A nodules portion is dispatched for virus isolation in thermo- 
flask containing ice and another portion in 50% neutral formalin for 
histopathology.    
1.6.1.1 Pathology: 
On autopsy, the cutaneous lesions are oedematous, with gray 
tissue, lymphadenitis is manifested by pale, oedematous and enlarged 
lymph node lesions. Also it is found in rumen, lung, uterus, udder, 
kidney, skeletal muscle and ulcerated necrosis in the mucosa of the 
upper respiratory and digestive tracts and abomasa (Capstick et al., 
1959; Ali and Obeid, 1977). 
1.6.1.2 Histopathology:    
 Histopathological section of the skin lesions shows changes 
peculiar to LSD. There is a vasculitis and perivascular infiltration with 
white cells which causes a thrombosis of the vessels in the dermis and 
subcutis. The cells infiltrating the lesion are of a predominantly 
epithelioid type, known as the cells claveleuses, which were described 
by Burdin (1959) in sheep pox. There are also eosinophillic intra-
cytoplasmic inclusions in the epidermal elements of the lesion and the 
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inflammatory cells (Burdin, 1959). The lesions gradually become 
necrotic as a result of the thrombosis (Bida, 1977; Ali et al., 1990). 
1.6.1.3 Virus isolation and identification: 
 The growth of LSD in cell culture is a long procedure whereas 
cytopathic effect may take up to 6 – 10 days to develop (Plowright 
and Ferris, 1958).  
 Material for virus isolation and antigen detection should be 
collected by biopsy or at post–mortem from skin papules, lung lesions 
or lymph nodes. Samples for virus isolation and antigen-detection 
enzyme-linked immunosorbent assay (ELISA) should be collected 
within the first week of the occurrence of clinical signs. Samples for 
genome detection by polymerase chain reaction (PCR) may be 
collected when neutralization antibody is present. Samples for 
histopathology should include tissue from the surrounding area and 
should be placed immediately following collection into 50% formalin 
(Burdin, 1959; Davies, 1991).  
 The commonly used culture for the primary or secondary 
isolation are kidney, testis of calves and lambs origin. Calf fetal 
muscle cells are also used; the cytopathic effect starts to appear eleven 
to fourteen days (Alexander et al., 1957; Weiss, 1968). 
 In lamb testicle cells (LT) of calf and lamb origin, the virus 
replicate more readily than in culture of calf and embryonic sheep 
kidney cells (Plowright and Whitcomb, 1959). 
 Cell cultures are infected with suspensions of the early skin 
lesions and can be stained at 48 to 56 hours to show the eosinophillic 
intra-cytoplasmic inclusions, or the viral antigen may be identified by 
 14
immunological methods. This may be possible as early as 24 hours 
after inoculation of the culture (Davies et al., 1971). 
 Cytopathic effects resulting from the LSD virus develop at 11 
to 14 days in most primary cultures, but it is recommended that they 
should be frozen and thawed and that at least one blind passage should 
be carried out. 
 This process will detect LSD virus that adapt slowly to the 
cultures or that were present only in very small amounts in the original 
sample.    
1.6.1.4 Immunological methods: 
a) Fluorescent antibody tests:  
Capripox virus antigen can be identified on the infected cover- 
slips or tissue culture slides using fluorescent antibody tests. 
Cover-slips or slides should be washed and air-dried and fixed 
in cold acetone for 10 minutes. The indirect test using sera of 
immuned cattle is subjected to high background colour and non 
specific reaction. A direct conjugate can be prepared from sera of 
convalescent cattle or from rabbits hyperimmunised with purified 
capripox virus. Uninfected tissue culture should be included as a 
negative control.  
b) Agar gel immunodiffusion test: 
 It has been used for detecting the precipitating antigen of Capri- 
pox virus, but has the disadvantage that this antigen is shared by Para-
pox virus. Agarose 1% (Appendix 3) is prepared in borate buffer, pH 
8.6, dissolved by heating, and 15 ml is poured onto Petri dishes. When 
the agar has solidified wells are cut to give a six well rosette around a 
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central well. The wells are filled as follows: lesion suspension is 
added to three of the peripheral wells, alternately with positive control 
antigen, and positive capripox virus control serum is added to the 
central well.  
The Petri dishes are placed in a humid chamber at room 
temperature for 48 hours, and examined for visible precipitation lines 
using a light box. The test material is positive since a precipitation line 
develops with the control serum that is confluent with that produced 
by the positive control antigen.            
c) Enzyme-linked immunosorbent assay:  
Using hyperimmune rabbit antiserum, raised by inoculation of 
rabbits with purifed capripox antigen from biopsy suspension or tissue 
culture supernatant can be traped on an ELISA plate. The presence of 
antigen can then be indicated using guinea-pig serum, raised against 
the group – specific structural protein P32, commercial horseradish 
peroxidase – conjugated rabbit antiguinea – pig immunoglobulin and a 
chromogen/substrate solution (Carn, 1995).   
d) Nucleic acid recognition methods:  
 It is not possible to distinguish between strains of capripox 
virus from cattle, sheep or goats using serological techniques. 
However, strains can be characterized by comparing the genome 
fragments generated by Hind Ш digestion of their purified DNA 
(Capstick and Coakley, 1961; Black and Kitching, 1986). This 
technique has identified differences between isolates from the 
different species, but this is not consistent and there is evidence of the 
movement of strains between species and recombination between 
strains in the field (Gershon and Black, 1989).  
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1.6.1.5 Serological methods:  
a) Virus neutralization:  
 A test serum can either be titrated against a constant titre of 
capripox virus [100TCID50 (50% tissue culture infective dose)] or 
standard virus strain can be titrated against a constant dilution of test 
serum in order to calculate a neutralization index; it is the preferred 
method. The test described using 96 – well flat bottomed tissue culture 
grade microtitre plates, but it can be performed equally well in tissue 
culture tubes with the appropriate size to the volumes used. 
b) Agar gel immunodiffusion test: 
Agarose was prepared in borate buffer (pH 8.6). The agarose is 
melted by immersing in boiling water bath for 1–2 hours to dissolved. 
15 ml of melted agarose are poured in 10 cm Petri dishes. The agar is 
allowed to polymerize at room temperature and then immediately 
stored in refrigerator over night for use within 2–3 days. Standard 
templates are used to stamp a pattern of wells in the gels in Petri 
dishes producing circular wells in which the diameter of the well was 
4 mm and the distance between wells was 3 mm and they are sucked 
out by suction pump in trap flask.  
c) Indirect florescent antibody test:  
 Capripox virus – infected tissue culture grown on flying cover 
slips or tissue culture and microscope slide can be used in this test. 
Uninfected tissue culture control, positive and negative control sera, 
should be included in the test.  
 The infected and control culture are fixed in acetone at -20º C 
for 10 minutes and stored at 4ºC. Dilutions of test sera are made in 
phosphate buffer saline (PBS) (Appendix 1.3) starting at 1/20 or 1/40, 
and positive results are identified using an antibovine gama–globulin 
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conjugated with fluorescein isothiocyanate. Antibody titres may 
exceed 1/1000 after infection and sera may be screened at 1/50 and 
1/500. Cross–reaction can occur with (contagious pustular dermatitis 
of sheep virus), bovine papular stomatitis and perhaps other pox 
viruses. 
d) Western blot analysis:  
 Western blotting of test sera against capripox virus infected cell 
lystae provides a sensitive and specific system for the detection of 
antibody to capripox virus structural proteins, although the test is 
expensive and difficult to carry out (Chand and Black, 1994).  
e) Enzyme-linked immunosorbent assay:  
 A capripox virus antibody ELISA has been developed using the 
expressed structural protein P32 of capripox virus and MAbs raised 
against the P32 protein (Carn and Black, 1994).         
1.6.1.6 Molecular method: 
 Restriction analysis of genomes of the viruses isolated from 
different countries revealed that LSD is caused by very closely related 
isolates of capripox virus. Such analysis did not only demonstrate the 
genetic relatedness, but were also used as molecular epidemiological 
tools for the characterization of the viral genomes of carpipox viruses 
(Black et al., 1986; Bhat and Mishra, 1989; Bhat et al., 1993).    
1.6.1.6.1 Polymerase chain reaction (PCR): 
 PCR was discovered by Kary B. Mullis in 1983 (Mullis, 1990), 
and can be defined as an in vitro (cell free) method for enzymatic 
synthesis of specific DNA sequences using two oligonucleotide 
primers that hybridize to opposite strand and flank the region of in test 
in the target DNA. Repetitive cycles involving template denaturation, 
primers annealing and extension of annealed primers by DNA 
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polymerase result in the exponential accumulation of specific 
fragment whose temini are defined by 5' ends of the primers (Reubel 
and Sttudert, 1998).  
 There are sensitive methods such as ELISA and virus isolation 
in cell culture which fail to detect virus particles that are bound to 
neutralization antibody (Ireland and Binepal, 1998). The sensitivity of 
precipitation and agglutination tests is relatively low. Hence, highly 
sensitive molecular biological techniques based on the PCR are now 
employed for the identification of many viruses, including capripox 
viruses in skin biopsies and cell cultures (Ireland and Binepal, 1998; 
Iteine et al., 1999; Mangama-Vougiouka et al., 1999; Parthiban et al., 
2005).  
 The oligonucleotide primer pairs used for PCR amplification of 
genomes of SGPV and PCR-based diagnostic methods are 
exceptionally effective for the diagnosis of LSD disease in suspected 
skin samples obtained from the field (Rao et al. 2001).      
 However, differential diagnosis of Lumpy skin disease based 
solely on the PCR technique is not yet feasible. Lumpy skin disease 
should be differentiated from: Blue tongue, bovine papular stomatitis 
and pseudo cow pox virus (OIE, 2004).  
1.7 Vaccination: 
Homologous attenuated vaccine: 
 This is defined as a formalinised Neethling virus vaccine with 
or without adjuvant (Capstick et al., 1959).  
In South Africa, the Neethling virus was passaged sixty times in 
lamb kidney cells and then twenty times in embryonated eggs, and 
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then the tissue culture attenuated vaccine is produced, the immunity 
conferred to last up to 3 years (Weiss, 1968). 
Heterologous attenuated vaccine: 
 In Kenya the kedong strain of sheep and goat pox virus passed 
sixteen times in lamb kidney cell culture and used as freeze dried 
vaccine, but may cause local, some times severe reaction (Burdin, 
1959; Capstick and Coackley, 1961). 
The vaccine known in Egypt as Romanian sheep and goat pox 
vaccine (Salem, 1989), while in Israel is called as RM65r vaccine 
(Shimshony, 1989; Abraham et al., 1991). In Sudan 0240 capripox 
vaccine is used. 
1.8 Control: 
 The human destruction of all infected and exposed animals can 
be carried out by surveillance and tracing of potentially infected or 
exposed animals, strike recontamination of infected and disease free 
area, instituting insect control measures during biting fly season in the 
infected zone and the infected and exposed animals should be 
slaughtered (Abraham et al., 1991).  
1.9 Economic importance of LSD: 
 Alexander et al. (1957), Haig (1957) and Plowright and 
Whitcomb (1959), pointed out that in area where LSD is enzootic, its 
economic importance is not less than that of foot and mouth disease 
(FMD) in European countries. Diesel (1949)  and Davies (1991) stated 
that losses are parallel to morbidity rate and affected animal suffer 
from debility which may persist for 4 to 6 months. Also a drop of milk 
 20
production in lactating cows, damage to hide, abortion, loss of quarter 
and sterility in bulls were stated by Woods (1982). 
 The probabilities of the coexistence of LSD with the screw 
worm (Cochlimagia hominurax) created a further dimension to its 
importance (Davies, 1991). 
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Table (1) Classification of LSDV 
Sub family Genus Index number 
Orthopoxvirus  00.058.1.01 
Parapoxvirus  00.058.1.02 
Avipoxvirus  00.058.1.03 
Capripoxvirus  00.058.1.04 
Lepropoxvirus  00.058.1.05 
Suipoxvirus  00.058.1.06 
Molluscipoxvirus  00.058.1.07 
Chordopoxvirinae 
Yatapoxvirus  00.058.1.08 
Entomopoxvirus  00.058.2.01 
A Entomopoxvirus  00.058.2.02 Entomopoxvirinae 
B Entomopoxvirus  00.058.2.03 
 
Mathews (1982) 
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CHAPTER TWO 
MATERIALS AND METHODS 
2.1 Field work: 
2.1.1 Study area: 
     The study area in the Red Sea State, Eastern Sudan lies between 
latitude 17 and 22o north of the Equators and longitudes 23 and 38.5o 
East. It occupies an area of approximately 210.410 square miles which 
lies between the Red Sea on it's East, Egypt in its north, the  River 
Nile State on it's west and Eritrea and Kassala State on it's south   
(Fig. 1).   
2.2 Disease outbreak: 
The LSD appeared after the rainy season in 2003 in the Red Sea 
State. In March 2003 it was reported in large dairy farms in different 
areas of Port Sudan and Tokar. The disease was later observed in 
Haya and Sinkat areas. That outbreak covered a wide area south of 
Port Sudan and continued to spread to the west of Port Sudan from 
February 2003 until July 2005. The study area was visited 3 times by 
the author between March 2003 and August 2005, in response to 
reports on the outbreaks of LSD disease given by Veterinarians in Port 
Sudan, Tokar and Sinkat. Infected animals were examined for clinical 
signs, location of nodule lesions and general body condition. Biopsies 
were collected from skin nodules of the infected animals and 
processed for virus isolation and identification, and blood samples 
were collected from infected animals for serological tests.  
2.3 Collection of skin samples: 
    Five samples of skin nodules/scabs were collected in 50% 
buffered-glycerol solution (Appendix 1.1) and stored at +4o on ice or 
at –20°C. 
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2.4 Collection and processing of blood samples:   
      One hundred ninety samples of blood from Port Sudan 
(Alwheda, Almargania, Red Sea ports corporation farm), 160 samples 
of blood from Tokar (South Eastern of Port Sudan), 100 samples of 
blood from Senkat (South Port Sudan) and 50 samples of blood from  
Haya were collected from sick and apparently healthy cattle in Red 
Sea State (Tables 3, 4, 5 and 6). 
Blood samples were centrifuged at 1000rpm for 5 minutes, sera 
carefully removed to a clean open tube and then stored at -20ºC till 
used.   
2.2 Laboratory work: 
2.2.1 Preparation and sterilization of glassware:  
Glassware like flasks, beakers and measuring cylinders were 
rinsed in running tap water several time, brushed with special tissue 
culture flasks soap, and left overnight in 1% HCl. Then were washed 
thoroughly by rinsing several times in tap and distilled water. After 
that, they were wrapped with aluminium foil and sterilized in hot air 
oven at 160°C for 1 hour. The volumetric pipettes were left over night 
in 30% HCl, then washed thoroughly by rising several times in tap 
and distilled water. The clean dry cotton plugged pipettes were placed 
in canisters and sterilized in hot air oven at 160°C for 1 hour. 
2.2.2 Preparation and sterilization of plasticware:  
Rubber liners for bottles and plastic cylinders were cleaned with 
detergent solution, washed with tap water followed by distilled water, 
left to dry and sterilized by autoclaving at 121oC for 15 minutes. 
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2.2.3 Preparation and sterilization of filters and papers: 
 Millipore filters (0.22µ) were assembled in their appropriate 
holders, wrapped in aluminum foil and sterilized by autoclaving at 
121ºC for 15 minutes. 
2.2.4 Virus: 
2.2.4.1 Kenya sheep and goat pox vaccine strain 0240:  
Freeze-dried vials of the vaccine strain 0240 were obtained 
from the Vaccine Seeds Bank at the viral vaccines production unit of 
the Central Veterinary Research Laboratories (CVRL) Khartoum. 
2.2.4.2 Hyperimmune serum: 
  This serum was obtained from the Vaccines Seeds Bank, at the 
viral vaccines production unit of the (CVRL) Khartoum.   
2.3 Serological tests: 
2.3.1 Agar gel immunodiffusion test: 
 Aagarose was prepared in borate buffer, pH 8.6. The agarose 
was melted by immersing in boiling waterbath for 1–2 hours to 
dissolve it. Fifteen ml of melted agarose were poured in 10 cm Petri 
dishes. The agar was allowed to polymerize at room temperature and 
then immediately stored in refrigerator over night for use within 2–3 
days. Standard templates were used to stamp a pattern of wells in the 
gels in Petri dishes producing circular wells in which the diameter of 
the well was 4 mm and the distance between wells was 3 mm and they 
were sucked out by suction pump in trap flask.  
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2.3.1.1 Antibody detection test procedure: 
 The central well was filled with known reference LSD antigen. 
The first top well, was used for positive control, and the other top 
wells filled with cattle sera under test. The dishes were examined 
above obligue light for precipitation lines and their identity with the 
line produced by control positive hyperimmune serum. 
2.3.2 Neutralization test: 
The β neutralization procedure (Constant-virus diluted-serum). 
In this method, microplates containing 96 wells were used. Four fold 
serial dilutions of serum under test were prepared in GMEM. The 
virus is diluted in the same medium which contains the desired mean 
tissue culture infective dose (TCID50) in 0.1 ml. Then equal volumes 
of each of the serum dilution with the virus dilution were mixed in 
microtitre plate. The mixtures were shaken vigorously and incubated 
at 37oC for  1/2 hour. After that, 100 µl LT cells suspension were 
added to each well and incubated at 37oC. 
 Finally the tissue culture is examined at an appropriate reading 
time for presence of cytopathic effect.  
2.4 Virus Isolation:  
2.4.1 Preparation of samples: 
 Skin specimens were homogenized using sterile mortars and 
pestles with the aid of sterile sand and physiological saline (PS) 
(Appendix 4.1). Twenty percent of suspension was made and then 
centrifuged at 1000rpm for 10 minutes. Supernatant fluids were 
collected into sterile bottles and treated with antibiotics, 100 IU 
pencillin-250 mg of streptomycin (Appendix 9.5.1) and 5000 IU of 
mycostatin (Appendix 9.5.4).   
 26
 The supernatant fluids were left for 1/2 - 1 hour at 4ºC and then 
stored at –20ºC till used.  
2.4.2 Preparation of cell culture:  
2.4.2.1 Primary lamb testis cell culture (LT):  
Primary lamb testis (LT) cell culture was prepared from pre- 
pubertal lamb as described by Plowright and Ferris (1958). The testis 
were aseptically removed from animals, 2–6 weeks old immediately 
after slaughter and placed in sterile Petri dishes and all tunica 
vaginalis of epididymes and testicular bursa were removed. Testis 
were then transferred to other Petri dishes and then fragmented with 
scissors into small pieces. The tissue fragments were transferred to a 
trypsinization flask containing a magnetic bar and washed several 
times with PD (Appendix 4.2) till the supernatant fluid become clear. 
A freshly prepared pre warmed 0.25% trypsin in HPSS (10% trypsin 
in hanks) was added to the washed tissue fragments in amounts 
sufficient to cover them. The contents were stirred for 30 minutes at 
room temperature and the supernatant fluid was discarded. Fresh 
0.25% trypsin solution (Appendix 6) was added at a volume that was 
three times the volume of tissue fragments. The tissue fragments were 
then digested for 1 hour at 37oC in 10% trypsin in HPSS. At the end of 
the trypsinization period, large fragment of tissues were removed by 
filtration through sterile gauze. The dispersed cells in the filtrate were 
deposited by the centrifugation at 600 rpm for 5 minutes.  
The cells were then washed once with PD containing 2% Calf 
serum (Appendix 9.6) and centrifuged. The packed cells were  
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resuspended in 10 ml of PD and vigorously pipetted. The cells 
suspension was finally diluted in growth medium and then distributed 
in the tissue culture flasks. Confluent monolyers were established 
within 3–5 days. 
2.4.3 Virus propagation and adaptation: 
Five skin specimens were processed and inoculated in semi 
confluent lamb testis cell culture in 25 cm3 tissue culture flasks. Each 
flask received 0.5 ml of virus suspension and left for 1 hour at 37oC 
for adsorption. Then the inoculum was removed and the semi 
confluent monolyers were washed twice with PD and referred with 
GMEM medium (Appendix 5.1) and kept at 37oC at 7 days post 
incubation, the monolayer was splitted using trypsin-versin (Appendix 
8) and the infected cells reseeded again. This procedure was repeated 
for 3 passage in LT, till CPE was seen. The cultures were harvested by 
freezing and thawing for 3 times, and then centrifuged at 1000 rpm for 
5 minutes. The supernatant was collected and labeled as stock virus.  
2.5 Virus titration: 
 Determination of tissue culture infective dose (TCID50/ml) for 
LSDV was performed following the procedure described by Villegas 
and Purchase (1983). Micro plates containing 96 wells were used. Ten 
fold dilutions of virus (10–1–10–6) were prepared in GMEM. One 
hundred µl of each dilution was added to 5 wells and then 100uI of LT 
cells suspension was added to each well. The micro plate was 
incubated at 37oC and examined for the presence of CPE for 9 days 
post inoculation. Titers were expressed as TCID50/ml, calculated 
according to the method of Reed and Muench (1938) as described by 
Villegas and Purchase (1983). 
 28
2.6 Identification of LSD virus: 
2.6.1  Agar gel immunodiffusion:  
 An agar gel immunodiffusion test has been used for detecting 
the precipitating antigen of capripoxvirus. Agarose (1%) is prepared in 
borate buffer, pH 8.6, dissolved by heating, and 15 ml are poured onto 
10 cm Petri dishes. When the agar has solidified, wells are cut to give 
a six well rosette around a central well. Each well is 4 mm in 
diameter, with a distance of 3 mm between the middle of the central 
well and the middle of each peripheral well. The wells are filled as 
follows: 18 µl of the 10% lesion suspension are added to three of the 
peripheral wells, alternately with positive control antigen, and 18 µl of 
positive capripoxvirus control serum are added to the central well. The 
Petri dishes were placed in a humid chamber at room temperature for 
48 hours, and examined for visible precipitation lines using a light 
box. The test material is positive if a precipitation line develops with 
the control serum that is confluent with that produced by the positive 
control antigen.   
2.6.2 Virus neutralization test: 
The alpha neutralization procedure (constant-serum, diluted 
virus) as described by Beared (1983) was followed. In this method, 
microplate containing 96 wells were used, 10 fold serial dilutions   
(10-1 – 10-8) of virus under test were prepared in GMEM and each 5 
wells received 100 µl of virus dilution. Each virus dilution was mixed 
with an equal volume of 1/5 dilution of hyperimmune serum (HIS) 
against LSD (100 µl). The mixtures were shaken vigorously and 
incubated at 37oC for 1/2 hour. After that, 100 µl of LT cell suspension 
were added to each well and incubated at 37oC. The end point titre of 
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serum-virus mixture was calculated. Determination of the 
neutralization index (NI) was made by calculating the difference 
between the log titre of the virus titration and the log of HIS-virus 
mixture.  
2.7 Polymerase chain reactions (PCR): 
2.7.1 DNA extraction: 
 Two methods of DNA release were used. The simpler method 
of DNA extraction (PCR1) was performed by adding (20-15-10-5 µl) 
of cell culture or biopsy supernatant to the PCR mixture minus the 
polymerase and the reaction mixture was heated at 99oC for 15 
minutes. 
 The second method of DNA extraction (PCR2) was done 
according to Tripathy (2003), with phenol-chloroform extraction. Two 
ml of cell lysis solution (Appendix 4.4) were homogenized with scabs 
in mortar and pestle, and then 2 ml were transferred to ependorf tube, 
then 15 µl of protinase K solution (10 mg/ml) were added. The 
mixture sample was vortexed for few seconds and incubated at 55oC 
for 4hours or at 37oC overnight. The mixture was then vortexed every 
15 min. during incubation. Ten µl of RNase were added and the 
mixture was inverted 25 times, then incubated at 37oC for 15 minutes. 
The DNA was extracted from the digestion in the presence of       
equal volume of phenol-chloroform-Isoamylalcohol (50:2:48). The 
extraction lasted for 30 seconds with mixing by inverting the 
eppendorf tube followed by centrifugation at 10.000 rpm for 1 minute. 
The tube divided into three layers, phenolic phase, interphase 
(protein), and aqueousphase. The aqueousphase was removed to 
another eppendorf tube with phenol-chloroform and this was repeated 
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for three times. The last aqueous phase was transferred to another tube 
(1.5 ml) and 3 M sodium acetate were added in volume equivalent to 
1:10 of aqueous phase and an equal volume of isopropanol alcohol 
was mixed and stored at -20oC over night. The DNA was pelleted by 
centrifugation at 13.000 rpm for at least 45 minutes at 4oC. Then the 
DNA pellet was washed twice with 300 µl 70% alcohol with 
centrifugation at 13.000 rpm for 15 minutes at 4oC and the ethanol 
was poured off. Then the tubes were dried for 15 minutes at 37oC. 
Fifty µl DNA hydration solution was added and DNA was dissolved 
by incubating at 65oC for 1 hour. Then the DNA was stored at 4oC 
until used. 
2.7.2 Oligonucleotide Primers: 
 Primers were purchased as freeze-dried oligonucleotides 
(INVITROGEN), reconstituted with 1 ml DDW and left over night at 
4°C. Working solutions of each primer were prepared so as to contain 
10 Pmol/µl of oligonucleotides pair of primers of viral attachment 
protein (VAP) gene as described by Ireland and Binepal (1998). The 
VAP F sequence is (5– to 3–) TCC GAG CTC TTT CCT GAT TTT 
TCT TAC TAT with molecular weight of 9056.0 and the sequence of 
VAPR is (3– to 5–) TAT GGT ACC TAA ATT ATA TAC GTA AAT 
AAC with molecular weight 9197.0. 
2.7.3 PCR Condition: 
 The PCR condition amplification was achieved by 35 cycles 
each including a denaturation step at 94°C for 1 minute, annealing 
step at 50°C for 30 seconds, and extension step at 72°C for 1 minute. 
The final step was prolonged to 5minutes to ensure complete 
extension of amplification products as described by Ireland and 
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Binepal (1998). The PCR reaction was carried out in Biometra T3 
thermal cycler (BIOMETRA, Germany). 
2.7.4 Detection of PCR product: 
The PCR products were separated electrophoretically in 1% 
agarosegel (SIGMA) (1.2 gm of agarose was dissolved in 100 ml  
TAE buffer) containing ethidium bromide (Appendix  12.5) 1µl/40 ml 
agarose (PROMEGA, Madison, USA, 10 mg/ml). Ten µl of 100 bp 
DNA ladder (INVETROGEN) (Appendix 12.4) which was prepared 
by adding 2 µl of ladder to 8 µl of bromophenol blue dye (Appendix 
12.2) was loaded in the first slot of the gel. The 10 µ1 of the PCR 
product were mixed with 5 µl of dye and loaded on the rest of the  
wells. Electrophoresis was performed in minigel electrophoresis 
(BIOMETRA) using 75 volts for 45 min after the gel was covered 
with TAE buffer using standard power pak P25  ( BIOMETRA) 
(Appendix 12.1). DNA bands were visualized by fluorescence in UV 
light using the BIODOC ANALYZE gel documentation system 
(BIOMETRA).  
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Table (2): History of skin specimens collected from LSD sick 
cattle in Red Sea State 
 
No. Type of specimen Breeds Area Sex 
Age 
(years) 
1 Nodule Local Port Sudan Female 4–5  
2 Nodule Local Tokar Female 7  
3 Nodule Local Sinkat Female 6  
4 Scab Local Haya Calf 2 
5 Scab Cross Port Sudan Calf 2–3 
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Table (3): Distribution of sera collected in the study by area. 
Area No. 
Port Sudan 190 
Tokar 160 
Sinkat 100 
Haya 50 
Total 500 
 
 
 
 
Table (4): Distribution of sera collected in the study by age group. 
Age group        
(years) No. 
0 – 1 27 
1 – 3 82 
Above 3 391 
Total 500 
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Table (5): Distribution of sera collected in the study by breed. 
Breed No. 
Local 292 
Cross 208 
Total 500 
 
 
 
 
 
 
 
Table (6): Distribution of sera collected in the study by sex. 
Sex No. 
Male 152 
Female 348              
Total 500 
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Fig. (1): Red Sea State 
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CHAPTER THREE 
RESULT 
3.1 Disease picture: 
 A lumpy skin disease outbreak originated in 2003-2005 in Red 
Sea State in Eastern Sudan was investigated. Clinically the disease 
was characterized by fever, 40–41oC (104-107oF) and can be 
transitory or last up to 4 weeks. Generally, within two days after the 
appearance of the fever, swelling nodules 1-5 cm in diameter appear 
in the skin and generalization occurred (Fig. 2). Depression, anorexia, 
excessive salivation, oculonasal discharge, and emaciation were 
present. Nodules, 1-5 cm in diameter may occur anywhere on the skin 
but specially in the skin of muzzle, nares, back, legs (Fig. 3), scrotum, 
perineum, eyelids, lower ear, nasal and oral muscosa and tail. The hair 
stands erect over early skin lesions. The nodules are painful, draining 
affected areas of skin become enlarged 4 to 10 times than normal size.  
Loss of appetite, reduced milk and meat production, particularly in 
dairy herds and damage of the hide were the main signs, morbidity 
rate of 40–90% and mortality rate of 1–4% in the different areas were 
encountered.   
All ages, sex and breed groups were affected. 
3.2 Seroepidemiology of LSD in Red Sea State:  
3.2.1 Agar gel immunodiffusion test: 
A total of 500 sera were examined by Agar gel immuno- 
diffussion test, 341 (68%) serum samples were positive (Tables 11, 
12, 13 and 14; Fig. 4). 
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3.2.2 Serum neutralization test: 
 A total of 500 sera samples were examined by screened 
neutralization, 258 (57%) serum samples were positive (Tables 16, 17, 
18  and 19). 
3.3 Virus isolation: 
 Four samples yielded virus growth when 5 tissue homogenates 
were inoculated in lamb testes cells. The isolates were identified as 
lumpy skin disease virus by virus neutralization and confirmed by 
PCR.  
3.4 Growth of lumpy skin disease virus in cell cultures: 
LSD virus replicated in LT cell, producing 90% CPE at day   
12-13 post-inoculation which was characterized by cell rounding, 
destruction of the whole cell sheet, nuclear vaculation and chromatin 
fragmentation.  
3.5 Titration of LSD virus: 
LSD virus isolates were titrated in LT cells. The tissue culture 
infective dose50 (TCID50/ml) was calculated  Tokar (105.2/ml), Port 
Sudan 1 (104.2/ml), Port Sudan 2 (103.6/ml) and Sinkat (104.3/ml). 
Tables 7, 8, 9 and 10 show the result of the titration of LSD 
virus according to Read and Muench (1935).  
3.6 Identification of LSD virus: 
3.6.1 Agar gel immunodiffusion test of LSD virus: 
From 5 skin specimens 4 gave positive result (Fig. 5), the 
negative one was from Haya. 
3.6.2 Neutralization of LSD virus: 
An isolate of LSD virus which was collected from Tokar was 
selected to perform neutralization confirmatory test for diagnosis. The 
 38
titer Virus – HIS mixture was accordingly. The neutralization index 
was calculated to be  1.4 (Table 15). 
3.7 PCR amplification 
3.7.1 Direct detection of LSD virus DNA in skin specimens  
From five specimens which were collected (2 from Port Sudan, 
1 from Tokar, 1 from Sinkat and 1 from Haya) from Red Sea State, 
one sample which collected from Tokar gave positive result. 
3.7.2 Direct PCR from cell culture harvest: 
 One sample which collected from Tokar gave positive result for 
viral attachment protein (VAP) gene. Strong band was detected in the 
ethidium bromide stained gel that corresponded exactly to the 
expected DNA band size to the (VAP), 192 bp. No amplification 
product was detected in control negative (DDW) (Fig. 6).  
3.7.3 PCR with DNA extracted by phenol chloroform from skin 
nodules scabs (PCR2): 
 Five samples were tested (2 from Port Sudan, 1 from Tokar, 1 
from Sinkat, 1 from Haya). Four samples out of five gave positive 
result (2 from Port Sudan, 1 from Tokar, 1 from Sinkat) for viral 
attachment protein (VAP) gene. Strong bands were detected in the 
ethidium bromide stained gel that correspond exactly to the expected 
DNA band size to the (VAP), 192 bp. No amplification product was 
detected when control negative (DDW) was used (Fig. 7). 
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Table (7): Titration of LSDV Tokar isolate according to Reed and 
Muench (1938). 
 
Accumulation Dilution Positive Negative 
Positive Negative 
Rate Percentage 
10-1 5 0 18 0 18/18 100 
10-2 4 1 13 1 13/14 92.85 
10-3 4 1 9 2 9/11 81.81 
10-4 3 2 5 4 5/9 55.55 
10-5 2 3 2 7 2/9 22.22 
10-6 0 5 0 12 0/12 0 
 
 
Infection next above 50% - 50% Proportional distance (P.D)= Infection next above 50% - infection next blow 50% 
 
55.6 – 50% 5.6 P.D.= 55.6 – 22.2 = 33.4 = 0.167 0.2 
 
ED50 = Log lower dilution in which % infection next above 50% 
+ P.D. x dilution factor 
         = - 4  + (0.2 x -1) = -4.2 
Titre  = 104.2/0.1 ml = 105.2/ml  
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Table (8): Titration of LSDV Port Sudan 1 isolate according to 
Reed and Muench (1938). 
 
Accumulation Dilution Positive Negative 
Positive Negative 
Rate Percentage 
10-1 5 0 13 0 13/13 100 
10-2 3 2 8 2 8/10 80 
10-3 3 2 5 4 5/9 55.55 
10-4 2 3 2 7 2/9 22.22 
10-5 0 5 0 12 0/12 0 
10-6 0 5 0 17 0/17 0 
 
55.6 – 50% 5.6 
P.D.= 55.6 – 22.2 = 33.4 = 0.167 =    0.2 
 
ED50 = -3 + (0.2 x -1) = -5 + -0.22 = -3.2 
Titre  = 103.2/0.1 ml = 104.2/ml   
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Table (9): Titration of LSDV Port Sudan 2 isolate according to 
Reed and Muench (1938). 
. 
 
Accumulation Dilution Positive Negative 
Positive Negative 
Rate Percentage 
10-1 5 0 11 0 11/11 100 
10-2 3 2 6 2 6/8 75 
10-3 2 3 3 5 3/8 37.5 
10-4 1 4 1 9 1/10 10 
10-5 0 5 0 14 0/14 0 
10-6 0 5 0 19 0/19 0 
 
75 – 50 25 
P.D.= 75 – 37.5 = 37.5 = 0.666 =   0.67 
 
ED50 = -2 + (0.6 x -1) = -2.67 
Titre  = 102.6/0.1 ml = 103.6/ml   
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Table (10): Titration of LSDV Sinkat isolate according to Reed 
and Muench (1938). 
. 
 
Accumulation Dilution Positive Negative 
Positive Negative 
Rate Percentage 
10-1 5 0 14 0 14/14 100 
10-2 3 2 9 2 9/11 81.81 
10-3 3 2 6 4 6/10 60 
10-4 2 3 3 7 3/10 30 
10-5 1 4 1 11 1/12 8.33 
10-6 0 5 0 16 0/16 0 
 
60 – 50% 10
P.D.= 60 – 30 = 30 = 0.33 
 
ED50 = -3 + (0.33 x -1) = -3.33 
Titre  = 103.3/0.1 ml = 104.3/ml  
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Table (11): Detection of Abs to LSDV by AGID according to area 
of study. 
 
Area No. tested No. positive (%) 
Tokar 160 141 88.13 
Port Sudan 190 122 64.21 
Sinkat 100 57 57.00 
Haya 50 21 42.00 
Total 500 341  
 
 
 
 
 
Table (12): Detection of Abs to LSDV by AGID according to age 
 
Age (year) No. tested No. positive (%) 
0-1 27 27 100 
1-3 82 80 97.7 
Above 3 years 391 234 59.84 
Total 500 341  
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Table (13): Detection of Abs to LSDV by AGID according to type 
of  breed 
  
Breed No. tested No. positive (%) 
Local 292 223 76.4 
Gross 208 188 90.4 
Total 500 341  
 
 
 
 
Table (14): Detection of Abs to LSDV by AGID according to sex 
 
Sex No. tested No. positive (%) 
Female 348 254 73.6 
Male 152 89 58.6 
Total 500 341  
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Table (15): Titration of virus – Tokar isolate hyperimmune serum 
mixture and calculation of NI according to Reed and 
Meunch (1938) 
 
Accumulation Dilution Positive Negative
Positive Negative 
Rate Percentage 
10-1 5 0 11 0 11/11 100 
10-2 4 1 6 1 6/7 85.71 
10-3 2 3 2 4 2/6 33.40 
10-4 0 5 0 9 0/9 0 
10-5 0 5 0 14 0/14 0 
10-6 0 5 0 19 0/19 0 
10-7 0 5 0 24 0/24 0 
10-8 0 5 0 29 0/29 0 
 
Infection next above 50% - 50% Proportional distance (P.D)= (Infection next above 50%) – infection next below 50% 
 
 
85.7 – 50% 35.7P.D.= 85.7 – 33.4 = 52.3 = 0.6826     =        0.68 
 
ED50 = Log lower dilution in which % infection next above 50% 
+ P.E. x dilution factor = 
       = -2 + (0.68 x -1) = -2 + -0.86 = 2.86 log10 
NI   = titre of virus alone – titre of virus antiserum mixture 
NI  = log10 4.2 – 1010 2.86  
     = 4.2 – 2.8 = 1.4 
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Table (16): Detection of Abs to LSDV by neutralization test 
according to area of study 
 
Area No. tested No. positive (%) 
Tokar 160 121 75.63 
Port Sudan 190 113 59.50 
Sinkat 100 13 18.00 
Haya 50 11 12.00 
Total 500 258  
 
 
 
 
 
Table (17): Detection of Abs to LSDV by neutralization test 
according to age 
 
Age (years) No. tested No. positive (%) 
0-1 27 19 70.4 
1-3 82 56 68.3 
Above 3 years 391 183 46.8 
Total 500 258  
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Table (18): Detection of Abs to LSDV by neutralization test 
according to type of breed 
 
Bread No. tested No. positive (%) 
Local 292 127 43.5 
Cross 208 131 63.0 
Total 500 258  
 
 
 
 
 
 
 
 
 
 
 
Table (19): Detection of Abs to LSDV by neutralization test 
according to sex 
 
Bread No. tested No. positive (%) 
Female 348 190 54.6 
Male 152 68 44.7 
Total 500 258  
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Fig. (2): Adult cattle affected by lumpy skin disease showing 
generalized nodules on the body. 
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Fig. (3): Adult cattle affected by lumpy skin disease showing 
nodules on the back region. 
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Fig. (4): AGID with strong precipitation line formed between 
antigen in central well and test sera (Abs) in peripheral 
wells with hyper immune serum positive control.  
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Fig. (5): AGID with strong precipitation line formed between 
positive capripoxvirus control serum in central well and 
lesion suspension in peripheral wells. 
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Fig. (6): Ethidium bromide stained agarose gel (1.5%) PCR was 
carried out on DNA samples extract from skin nodules 
of infected cattle by boiling using primer (VAP). Lane 
M: 100 bp ladder, lane 1 (LSD) from nodules of cattle 
(Tokar), lane 2 control negative (D.D.W.).  
 
 
 
 
 
 
 
M                                 1                   2 
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Fig. (7): Ethidium bromide stained agarose gel (1.5%) PCR was 
carried out on DNA samples extract from skin scabs and 
nodules of infected cattle by phenol-chloroform using 
primer (VAP). Lane M: 100 bp ladder, lane 1 (LSD) 
nodules from cattle (Port Sudan 1), lane 2 LSD nodules 
from cattle (Tokar), lane 3 LSD scabs from cattle (Port 
Sudan 2), lane 4 LSD scab from cattle (Sinkat), land 5 
control negative (DDW). 
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CHAPTER FOUR 
DISCUSSION 
The purpose of this research was to study the prevalence of 
lumpy skin disease (LSD) in Red Sea State, Eastern Sudan.  
Lumpy skin disease is an economically important disease which 
produces debility in infected cattle. The morbidity rate is   about 2% to 
98% while the mortality rate is estimated to be 3% or even more as 
reported by Haig (1957) and Macowen (1959). 
Two outbreaks of LSD that occurred in Red Sea State in March 
2003 to August 2005 were investigated. The clinical diagnosis was 
confirmed in the laboratory by virus isolation and identification. 
Clinically, the disease was characterized by fever, nasal discharge and 
salivation for about 3 days. The skin raches later developed into 
nodules, 0.5 to 5 cm in diameter, which appeared on the neck, brisket, 
back and thighs. Occasionally nodules were seen on the udder, vulva, 
scrotum and around the eyes and lips, odema of legs and brisket and 
enlargement of lymph nodes, depression, emaciation and loss of 
appetite were frequently observed. We noticed a variation in severity 
of the lesions they had been severer in cross breed animals with 
comparison to local ones. According to OIE, the severity of LSD  
depends on the strain of the capripox virus and the breed of the host. 
Bos Taurus is more susceptible to disease than bos indicus (Anon., 
2004). The clinical signs observed are similar to those described 
previously by Haig (1957), Weiss  (1968), Ali and Obeid (1977) and 
Ali et al. (1990).  
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In the investigated outbreaks, all age, sex and breed groups 
were affected. However, the mortality rate was higher in young 
animals comparison with adult cattle. These findings are in line with 
previous observations on lumpy skin disease outbreaks (Khalafalla    
et al., 1993).  
To determine the sero-epidemiology of LSD in Red Sea State, 
the agar gel immunodiffussion test was used to detect antibodies in 
serum samples collected from cattle of two different breeds, sex and 
age distributed in different areas. Out of 500 test serum samples, 341 
gave positive result (68% seropositive). On the other hand 285 serum 
samples out of 500 were positive when tested by serum neutralization 
test (57% seropositive). Seropositivity is higher when AGID test was 
used in comparison to serum neutralization test. This is due to the 
accuracy and specificity of the second test which does not make cross-
reaction with antibodies to bovine papular stomatitis (BPS) and 
pseudo cowpox (PCP) virus as the case with AGID test (Davies, 
1991).   
Serological tests using AGID and neutralization tests applied on 
sera collected from local and crossbred cattle resulted in higher 
seropositivity in crossbred cattle (90% for the AGID and 63% for SN 
test) than in local breed (76.4 % for the AGID and 43.0% for SN test). 
It is obvious that the crossbred animals are most susceptible to 
this disease and it is prevailing among them. The reason for this may 
be due to the thinness of skin of the crossbred compared to the local 
ones (Pierre, 1978; Khalafalla et al., 1993). Woods (1988) indicated 
that the severity of LSD in imported Frisian could be that the exotic 
breeds have thinner skin. It is worth to mention that the majority of 
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crossbred cattle in the Sudan are matings between local cattle and 
Frisian. Also, local breeds may be due to previous exposure to similar 
related virus. 
With regard to sex, seropositivity in females was higher       
(73.6 for AGID, 54.6% for SN test) than in males (58.6 for AGID, 
44.7% for SN test). Reasons may be due to the stress factors. 
Concerning the age, seropositivity was higher in the age  0 – 1 
year (100% for the AGID, 70.4% for SN test) followed by the age      
1 – 3 years (97.7 for the AGID, 68.3% for SN test) and lower in age 
above 3 years (59.8% for the AGID, 46.8% for SN test). This result 
indicates that this disease is prevailing mostly in young animals at the 
age of 0 – 3 years. The low prevalence in older animals above 3 years 
could be attributed to the waning of circulating antibodies raised 
against early exposure to this causative agent or antigenically related 
ones.  
With regard to area, seropositivity was higher in Tokar (88 for 
the AGID, 75% for SN test) and Port Sudan (64 for the AGID, 59.5% 
for SN test) and lower in Sinkat (57% for the AGID, 18% for SN test) 
and Haya (42 for the AGID, 12% for SN test). 
The LSD is found to be more spreading between animals reared 
in Tokar area followed by Port Sudan and then Sinkat.  Haya area 
showed a very limited prevalence of LSD disease among the animals. 
Tokar area is characterized by having large number of biting flies and 
mosquitoes during the rainy season due to the geography of the area. 
Biting flies and mosquitoes can contribute a lot to this disease (Haig  
et al., 1957; Macowen  et al.; 1959 and Davies, 1982). It has been 
established that the direct contact plays little part in transmission of 
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LSD and that a number of genera of biting flies are responsible for the 
spread (Woods, 1988). 
In the present study, the skin scabs and nodules were collected 
from sick animals, homogenized and inoculated onto LT cell culture. 
Four virus isolates were obtained when 5 skin samples were 
inoculated in lamb testes (LT) cell culture (Port Sudan 1, Port Sudan 
2, Tokar and Sinkat). These isolates produced characteristic lumpy 
skin virus cytopathic effects (CPE), such as rounding of cells and cell 
clumping  or shrinking and plaque formation when inoculated into LT 
cell culture. The CPE progressed slowly with cell detachment leaving 
irregular holes. Spindle-shaped cells with long extremities at the 
margin of the holes were also seen. The affected cells exhibited a 
conspicuous granular appearance and irregular hole and rounding up 
of some cells were also observed. This result is in agreement with 
Davies and Atema (1981). The result obtained showed more than 90% 
cytopathic effect (CPE) within 9 – 11 days. This agreed with Davies  
et al. (1971) and OIE (Anon., 2004).  
Titration of isolated lumpy skin virus (Port Sudan 1, Port Sudan 
2, Tokar and Sinkat) was performed in LT cells and resulted in a titer 
of 105.2/ml, 104.2/ml, 104.3/ml and 103.6/ml, respectively.  
The virus neutralization test was used as confirmatory test for 
diagnosis of lumpy skin disease and comparing it with polymerase 
chain reaction (PCR). LT cells infected with Tokar isolate were used 
and the results were taken after 9 days. The results confirmed the 
identity of lumpy skin virus isolates used in the present study since the 
test gave a neutralization index of 1.4.    
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Highly sensitive molecular biological techniques based on PCR 
are now employed for the identification of many viruses, including 
LSD in skin biopsies and cell culture (Irelands and Binepal, 1998; 
Itein et al., 1999; Mangana-Vougiouka et al., 1999). PCR diagnostic 
methods are exceptionally effective for the diagnosis of lumpy skin in 
suspected skin samples obtained from the field as given by Rao et al. 
(2001).  
Polymerase chain reaction (PCR) was used in this study to 
determine the feasibility of improving diagnosis of lumpy skin disease 
virus in scabs collected from the field, as well as in supernatant of 
infected cell culture.  
The test was performed according to the method described by 
Ireland and Binepal (1998) using a single primer pair based on 
sequences coding for the viral attachment protein (VAP) gene. Two 
methods of DNA extraction were tried. The first method (PCR1) 
employed on DNA extraction step with scabs homogenate or cell 
culture supernatant added directly to PCR mixture and at 99°C for 15 
minute to release the DNA and then followed by ordinary PCR. By 
this method, 1 out of 5 samples gave positive result.  
In the second method (PCR2), viral DNA was extracted by 
phenol-chloroform specimens, 4 samples out of five gave positive 
results.  
The DNA band sizes corresponded to the expected size of     
192 bp. PCR2 seemed to be more sensitive than PCR1, it is therefore, 
recommended to use this method for routine diagnosis of lumpy skin 
disease in the Sudan.  
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Results of PCR in this study agree with Ireland and Binepal 
(1998), who used PCR to detect lumpy skin virus DNA in tissue 
culture supernatant and biopsy samples.  
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CONCLUSION 
  
- According to results obtained in the current study, it can be 
concluded that the LSD is endemic in Red Sea State with higher 
prevalence in Toker and Port Sudan. The disease is prevailing 
in higher rates in crossbred and young animals.  
- Diagnosis of the disease using PCR is superior than classical 
techniques of virus isolation and identification.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 61
RECOMMENDATIONS 
 
- More investigations should be carried out about the economical 
impact of LSD and the methods of spread particularly the 
involvement of biting flies. It see importance to follow certain 
measurement to minimize the infection with this disease 
including vaccination and insect control.  
- More investigations should be carried out to determine the 
effectiveness of the sheeppox vaccine now used to control LSD 
in cattle. 
- Due to the high detection rate (80%) of LSDV by the PCR, 
using the phenol – chloroform method for DNA extraction, 
studies to determine the prevalence of the disease in other states 
is high recommended. 
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APPENDICES 
1. Preparation of Buffers:  
1.1. Glycerol (50%) 
Glycerol  50ml  
PBS 50ml  
1.2. Formalin (10%) 
Formalin   100ml  
NaH2PO4 4gm  
K2HPO4 6gm  
Complete to one litre with DDW   
1.3. Phosphate Buffer Saline (PBS) 
To prepare 2 litres  
Solution A 
KCl  0.4gm  
NaCl  16.0gm  
Na2HPO4 (anhydrous)  2.0gm  
KH2PO4 0.4gm  
DDW 1000ml  
Solution B 
MgCl2  0.2gm  
DDW 200ml  
Solution C 
CaCl2  0.26gm  
DDW 200ml  
Autoclave cool and add A to B then C complete to 2000ml with DDW 
2. Phosphate Buffer, pH 8.5:  
Solution A 
KH2PO4 0.5M (anhydrous, 68.04gm/litre).  
Solution B:  
 K2HPO4 0.5 M (anhydrous, 87.09 gm/litre) take 33ml/litre 
from solution A, mix with 967ml/litre from solution B.  
3. Tris – EDTA (TE)  
Tris – HCl pH 8 10mM 
EDTA 1Mm 
4. Preparation of reagent solutions: 
4.1. Normal Saline (NS):  
 Stock solution of 0.85% (W/V) NaCl prepared in DDW and 
autoclaved at 121° C for 20 minutes. 
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4.2. Preparation of phosphate diluent (PD):  
 Solution A of PBS was completed to 2 litres with DDW, then 
autoclaved and cooled before antibiotics were added.  
4.3. Sodium Hydroxide Solution:     
NaOH 45gm  
DW 300ml  
4.4 Cell lysis solution: 
 10 mM Tris HCl,  
pH 7.8 
100 mM NaCl 
10 mEDETA 
0.5 SDS 
2% β mercaptoethanol 
5. Culture media:  
5.1. Glasgow Minimum Essential Medium (GMEM) 5x.  
 Dissolve the content of one bottle (125.78 gm in two liters of 
DDW). Avoid over stirring and aeration. Filter through Millipore 
Filter (0.22u). Test sterility using Thioglycolate medium. Store at – 
20°C.  
5.2. GMEM 1x: To prepare 1 litre:  
GMEM 5x 200ml  
Yeast extract (1%)  25ml  
Lacalbumin hydrolysate  25ml  
Penicillin Strptomycin (105 IU/ml) 1ml  
Neomycin (10 mg/ml)  1ml  
Mycostatin  1ml  
NaHCO3 (7.5%) 7.5ml  
DDW to complete  1000ml  
Added 50ml Tryptose phosphate buffer store at 4° C 
5.3 Eagles/HEPES Medium 
N-2 hydroxyethylpiperzine 
N-2 ethane-sulphonic acid 
6. Preparation of Stock Trypsin (2.5%):  
 2.5 grams of trypsin (Gibcol td UKI: 250 Usp Grade) were 
dissolved in 100ml of PD, filtered through What Mann filter and 
stored at – 20°C.  
7. Preparation of Stock Versin (5%): 
 Five grams of versin powder were dissolved in 100ml PD, 
autoclaved at 121° C for 15 minutes.  
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8. Trypsin Versin Solution (T.V): 
 To prepare 100ml:  
Trypsin (2.5%)  6.0ml  
Versin (5%) 4.0ml  
Phosphate Diluent (PD)  90.0ml  
Several drops of phenol red (0.2%) were added and the pH 
adjusted by IM NaOH until the colour is faint pink (slightly alkaline). 
9. Media Additives: 
9.1. Lacalbumin Hydrolysate 25%:  
 Dissolve 25gm of lacalbumin Hydrolysate in 100ml DDW and 
keep at 4° C after sterilization.  
9.2. Yeast extract 1%:  
Dissolve 1gm of yeast extract in 100ml DDW and keep at 4°C 
after sterilization.  
9.3. Sodium bicarbonate 7.5%:  
Dissolve 0.75gm of NaHCO3 in 9.5ml DDW. Add 0.5ml of 
0.2% Phenol red. Sterilized by autoclaving 121°C for 15 minutes and 
store at 4°C. 
9.4. Tryptose phosphate broth 29.5%:  
Dissolve 29.5gm of powder in 100ml DDW. Autoclaving 
121°C for 15 minutes and store at 4°C. 
9.5. Antibiotics:  
9.5.1. Penicillin – Streptomycin Solution:   
One gram of streptomycin powder and the contents of 2 vials of 
penicillin (1000000 IU/vial) were dissolved in 10ml of sterile 
deionized distill water (DDW) to give solution contained 100mg 
streptomycin and 200000 IU penicillin per ml. The solution was kept 
at – 20°C. 
9.5.2. Kanamycin Solution:   
One gram of kanamycin powder (equivalent to 700000IU) was 
dissolved in 13.3ml of sterile DDW to give concentration of 
52500U/ml and kept at – 20° C. 
9.5.3. Fungizon Solution:   
The content of one vial of fungizon (50000µg) was dissolved in 
10ml of sterile DDW and kept at 4°C. 
9.5.4. Mycostatin Solution:   
The content of one vial of mycostatin (50000µg) was dissolved 
in 10ml of sterile DDW and kept at 4°C. 
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9.6. Calf serum:   
Calves were bled from the jugular vein. The whole blood was 
left overnight at room temperature. The separated serum centrifuged at 
2000rpm for 10 minutes, then filtered through a Seitz filter under 
negative pressure. The filtrate was passed through a Millipore filter 
(022µ) under positive pressure and then tested for sterility by culturing 
on thioglycolate medium in two vials, one  of  them  was  incubated at 
37° C and another one  at  room  temperature for two days. Then the 
sterile serum was kept at –20°C. 
10. Thioglycolate medium:  
 29.5 gm of Thioglycolate medium were dissolved in 1000ml of 
DDW. The solution was heated in steamer to ensure complete 
dissolving and then dispensed in bjoux bottles. The medium was 
sterilized by autoclaving at 121°C.  
11. PCR Master mix:  
 10X PCR Buffer  5.0µl 
MgCl2 50mM  3.0µl 
dNTPs 10–11 mM 1.0µl 
MgSO4 5mM 15.0µl 
DDW 16.0µl 
Total  40.0µl 
12. Preparation of materials for gel electrophoresis:  
12.1. TAE buffer:  
40mM Tris HCl (pH 8.0) 40ml  
20mM Na acetate  20ml  
EDTA powder (292.25MW)  5845 gm 
Complete to one litre  
 
12.2. Loading Dye:  
Bromophenol Blue (11%)  10µl 
Glycerol  40µl 
DDW 50µl 
 
12.3. 1.5% agarose gel:  
 1.5 gram of agarose (SIGMA) was dissolved in 100ml TAE 
buffer. The mixture was melted in a microwave oven for 60 seconds, 
cooled down. 1.5µl Ethidium bromide was added at a final dilution of 
0.2µg/µl and swirled. Poured on a plate. The comb was placed and the 
gel was left to solidify.  
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12.4. 100bp DNA Ladder (INVITRGEN):  
Ladder (1.0µg/µl)  20µl 
Blue dye 80µl 
 
12.5. Ethidium bromide:  
Stock Solution (PROMEGA, Madison) 10mg/ml  
And protected from light   
 
13. 1% agarose gel 
 One gram of agarose (SIGMA) was dissolved in 100 ml normal 
saline. The mixture was melted in a microwave oven for 60 seconds, 
cooled down.  
